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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 


SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics. As 


used herein: 


1. Life support devices or systems are those which (a) are 
intended for surgical implant into the body, or (b) support 
or sustain life, and whose failure to perform, when prop- 
erly used in accordance with instructions for use pro- 
vided with the product, can be reasonably expected to 
result in significant injury to the user. 


2. A critical component is any component of a life support 
device or system whose failure to perform can reason- 


“% 


ably be expected to cause the failure of the life support - 


device or system, or to affect its safety or effectiveness. 
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INTRODUCTION 


9GS-THOMSON Microelectronics manufactures an extensive range of memory products which 
can satisfy the needs of many applications. The products include, 


Non-Volatile Memories: UV EPROM, OTP Memory, FLASH Memory, EEPROM and 
SMARTCARD PRODUCTS. 


Static RAMs: Fast SRAM, Cache TAGRAM and burst RAM (BRAM), BiPORT FIFO, 
ZEROPOWER and TIMEKEEPER battery backed SRAMs. 


This data book provides comprehensive, technical information on each family of memory 
products to aid selection and design for a specific use. 


UV EPROMs (UV Eraseable Electrically Programmable Read Only Memories). This family 
consists of EPROMs which can be erased by exposure to Ultra Violet light through a quartz 
window in the package. The range of EPROMs is from 16K bit up to 16 Megabit and they are 
manufactured in two technologies, NMOS for 16K up to 512K densities and CMOS from 64K 
up to 16 Megabit densities. Memory access times are as fast as 60ns. Programming times have 
been reduced through the use of specially designed ’margin mode verify’ circuits and the new 
PRESTO programming algorithms. Many of the CMOS types are able to be programed in the 
application board rather than in a separate programmer. For portable equipment needing low 
power consumption some sizes of EPROM are specified for operation in the read mode at down 
to 3V supply voltage. 


OTP Memories (One Time Programmable Memories). These products are similar to UV 
EPROMs but are packaged in plastic packages, both Dual-In-Line and surface mounting types. 
They are not eraseable, but may be programed one time only by the customer. 


FLASH Memories (Electrically Programmable and Eraseable Memories). FLASH Memories 
provide an extra degree of flexibility for the system designer by implementing both electrical 
programming and erasure in the application. This gives the memories additional functionality 
and enables customers to both load the contents at a late stage in the manufacturing line, or 
field upgrade the equipment. New applications such as Mass Storage for computers are also 
foreseen for FLASH memories. The manufacturing process, although more demanding in terms 
of process control, is basically similar to the EPROM, thus ensuring a similar evolution of 
memory density, performance and reliability. 


EEPROMs (Electrically Eraseable and Programmable Memories). Different from the FLASH 
Memory which may be erased only by chip or large sector, the EEPROM may be erased and 
written byte-by- byte. Two types of EEPROM are included in our range: serial bus and parallel 
access types. EEPROMs are widely used for storing equipment set-up parameters or data 
tables. The special CMOS process and cell designs used by SGS- THOMSON allows us to offer 
products with a very high endurance against wear-out that occurs after many erase/write cycles 
In this type of memory. Our EEPROMs are able to typically withstand 5 to 10 million cycles 
together with over 10 years data retention. 


SMARTCARD PRODUCTS. Three families of Smartcard Product are included. All are based 
on EEPROM technology and in addition include logic, microcomputer cores and/or crypto- 
graphic mathematical processors. The logic and microcomputers provide both secure memory 
access and serial I/O operation. Applications include telephone cards, banking cards, health 
cards, transportation and many other uses. 
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Fast SRAM and BRAM. Using an innovative submicron CMOS technology SGS-THOMSON 
offers a range of standard Fast SRAM and specialty SRAMs (BRAMs) for data cache 
applications. 


Cache TAGRAM. Computer cache systems are made using a combination of memory to store 
cache data addresses (the TAGRAM) and the cache data itself (either a standard Fast SRAM 
oraBRAM). The TAGRAM family allows customers to design very flexible and high performance 
cache subsystems. 


BiPORT FIFOs. The BiPORT FIFO family is a series of fast FIFO memories based on SRAM 
technology, with built-in address registers for read and write pointers. Sizes range from 512 bit 
to 8K bit and the architecture allows both depth and width expansion. 


ZEROPOWER and TIMEKEEPER. This range of products satisfies a very important sector 
of applications: they provide fast read/write non-volatile memory for use as back-up storage, 
for example for data protection at power failure. The basic ZEROPOWER products consist of 
an ultra low power SRAM with an integrated supply voltage detector and a switch-over circuit 
to a battery to sustain the contents at power down. The package includes an integrated lithium 
battery which has the capacity to maintain the memory contents for up to 10 years. TIME- 
KEEPER products are similar but include also a quartz controlled clock/calendar which is also 
powered by the back-up battery. 


SGS-THOMSON has an extensive program of both process and product development which 
results in many new and upgraded product introductions every year. Please contact your 
nearest sales office to learn about new products that have been introduced since this book was 
published. 


a ees 


The 4 Megabit FLASH Memory developed in 0.6 micron CMOS Technology. 
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CMOS UVEPROM & OTP MEMORIES .......--0 00 cece eee eee eee eeaes 55 
M27C64A CMOS 64K (8Kx8)UVEPROM........... 0.00 ce eee eee eee 57 
M27C256B CMOS 256K (32K x 8) UVEPROM&OTPROM.............---00- 65 
M87C257. ADDRESS LATCHED CMOS 256K (32K x 8) UVEPROM& OTPROM....... 73 
M27C512. CMOS 512K (64K x 8) UVEPROM&OTPROM.............-0000. 83 
M27V512 LOW VOLTAGE CMOS 512K (64Kx8) OTPROM..............000. 93 
M27C1001 CMOS 1MEG (128K x8) UVEPROM&OTPROM ..............--- 103 
M27V101_ | LOW VOLTAGE CMOS 1MEG (128K x8) UVEPROM&OTPROM ........ 113 
M27C1024. CMOS 1MEG (64K x 16) UVEPROM& OTPROM .............-.4- 123 
M27C2001 CMOS 2MEG (256K x 8) UVEPROM& OTPROM ...............-.. 131 
M27V201 LOW VOLTAGE CMOS 2MEG (256K x8) UVEPROM&OTPROM ........ 141 
M2CV4001 CMOS 4MEG (512Kx 8) UVEPROM&OTPROM ...............-. 151 
M27V401 + LOW VOLTAGE CMOS 4MEG (512K x8) UVEPROM&OTPROM ........ 161 
M27C4002 CMOS 4MEG (256K x 16) UVEPROMAND OTPROM............... 171 
M27C160 CMOS 16MEG (2Mx8ori1Mx16)UVEPROM................... 179 
NMOS UVEPROM ........... 0c eee eee eee eee ee eee eee ene 189 
M2716 NMOS 16K (2Kx8) UVEPROM ............ 0000 eee eee eens 191 
M2732A NMOS32K(4Kx8)UVEPROM............--00 ccc e eee 199 
M2764A NMOS64K(8Kx8)UVEPROM..........-....000 cece eeeas 207 
M27128A NMOS 128K (16Kx8) UVEPROM..............00000 cee enue 215 
M27256 NMOS 256K (32Kx8) UVEPROM............0 000 cee e eee een 223 
M27512. NMOS512K(64Kx8)UVEPROM...........0 0000 cee eee eeae 231 
FLASH MEMORIES..........0- 0c eee eee eee eee eee eee eee eee as 241 
M28F256 CMOS 256K (32K x 8, BULK ERASE) FLASH MEMORY .............. 243 
M28F256A CMOS 256K (32K x 8, BULK ERASE) FLASH MEMORY .............. 259 
M28F512 CMOS 512K (64K x 8, BULK ERASE) FLASH MEMORY .............. 275 
M28F101 | CMOS 1MEG (128K x 8, BULK ERASE) FLASH MEMORY ............. 294 
M28F101A CMOS 1MEG (128K x 8, BULK ERASE) FLASH MEMORY .............. 307 
M28V101A LOW VOLTAGE CMOS 1MEG (128K x 8, BULK ERASE) FLASH MEMORY .... 307 
M28F101B CMOS 1MEG (128K x 8, BULK ERASE) FLASH MEMORY ............. 311 
M28V101B LOW VOLTAGE CMOS 1MEG (128K x 8, BULK ERASE) FLASH MEMORY .... 311 
M28F102. CMOS 1MEG (64K x 16, BULK ERASE) FLASH MEMORY ............. 327 
M28F201 CMOS 2MEG (256K x 8, BULK ERASE) FLASH MEMORY ............. 343 
M28V201 LOW VOLTAGE CMOS 2MEG (256K x 8, BULK ERASE) FLASH MEMORY .... 343 
M28F201A CMOS 2MEG (256K x 8, BULK ERASE) FLASHMEMORY ............. 359 
M28V201A LOW VOLTAGE CMOS 2MEG (256K x 8, BULK ERASE) FLASH MEMORY .... 359 
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FLASH MEMORIES (cont'd) 
M28F410 CMOS 4MEG (x8/x16, TOP BOOT BLOCK ERASE) FLASH MEMORY ...... 
M28V410 LOW VOLTAGE CMOS 4MEG (x8/x16, TOP BOOT BLOCK ERASE) FLASH 
MEMORY 2-40 a: bse we Pua Sot cork. Rae te tae ee? bee ee eee wes Be ee 
M28F420 CMOS 4MEG (x8/x16, BOTTOM BOOT BLOCK ERASE) FLASH MEMORY .... 
M28V420 LOW VOLTAGE CMOS 4MEG (x8/x16, BOTTOM BOOT BLOCK ERASE) FLASH 
MEMORY: 0.450 ie 8) ob Gace, oe eed ere a is ON as ee eee ap Bs aie 
M28F411 CMOS 4MEG (512K x 8, TOP BOOT BLOCK ERASE) FLASH MEMORY... .. . 
M28V411 LOW VOLTAGE CMOS 4MEG (512K x 8, TOP BOOT BLOCK ERASE) FLASH 
MEMORY is <4 sik ls 6 oe Bae Bde ae Ge ae eel ee ase Ok et A 
M28F421 CMOS 4MEG (512K x 8, BOTTOM BOOT BLOCK ERASE) FLASH MEMORY .. . 
M28V421 LOW VOLTAGE CMOS 4MEG (512K x 8, BOTTOM BOOT BLOCK ERASE) FLASH 
WIEMORY 3: sven sal So ee eh ae even: OR e+ Dele ate Se Bs Se ie aie eo "wy Hk Sere gS, ae 
M28F841 CMOS 8MEG (1M x 8, SECTOR ERASE) FLASH MEMORY ............ 
M28V841 LOW VOLTAGE CMOS 8MEG (1M x 8, SECTOR ERASE) FLASH MEMORY 
M28F 161 CMOS 16MEG (2M x 8, SECTOR ERASE) FLASH MEMORY............ 


°C BUS EEPROM 


ST24C01 

ST24C01C 
ST24W01C 
ST25C01 

ST25C01C 
ST25W01C 
ST24C02A 
ST24C02C 
ST24W02C 
ST25C02A 
ST25C02C 
ST25W02C 
ST24C004 

ST24C04C 
ST24W04C 
ST25C04 

ST25C04C 
ST25W04C 
ST24C08 | 
ST24C08C 
ST24W08C 
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SERIAL ACCESS CMOS 1K (128 x 8) EEPROM 
SERIAL ACCESS CMOS 1K (128 x 8) EEPROM 
SERIAL ACCESS CMOS 1K (128 x 8) EEPROM 
SERIAL ACCESS CMOS 1K (128 x 8) EEPROM 
SERIAL ACCESS CMOS 1K (128 x 8) EEPROM 
SERIAL ACCESS CMOS 1K (128 x 8) EEPROM 
SERIAL ACCESS CMOS 2k (256 x 8) EEPROM 
SERIAL ACCESS CMOS 2K (256 x 8) EEPROM 
SERIAL ACCESS CMOS 2K (256 x 8) EEPROM 
SERIAL ACCESS CMOS 2K (256 x 8) EEPROM 
SERIAL ACCESS CMOS 2K (256 x 8) EEPROM 
SERIAL ACCESS CMOS 2K (256 x 8) EEPROM 
SERIAL ACCESS CMOS 4K (512 x 8) EEPROM 

( 

( 


SERIAL ACCESS CMOS 4K (512 x 8) EEPROM 
SERIAL ACCESS CMOS 4K (512 x 8) EEPROM 
SERIAL ACCESS CMOS 4K (512 x 8) EEPROM 
SERIAL ACCESS CMOS 4K (512 x 8) EEPROM 
SERIAL ACCESS CMOS 4K (512 x 8) EEPROM 
SERIAL ACCESS CMOS 8K (1024x 8) EEPROM.................. 
SERIAL ACCESS CMOS 8K (1024 x 8) EEPROM. ................. 
SERIAL ACCESS CMOS 8K (1024 x 8) EEPROM ...............2.. 
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367 
371 
371 
377 


381 
383 
383 
383 
383 
383 
383 
397 
397 
397 
397 
397 
397 
411 
411 
411 
411 
411 
411 
425 
425 
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°C BUS EEPROM (cont'd) 

ST25C08 SERIALACCESS CMOS 8K (1024x8)EEPROM ................-. 425 
ST25CO8C SERIAL ACCESS CMOS 8K (1024x8)EEPROM ..............--4. 425 
ST25W08C SERIAL ACCESS CMOS 8K (1024x8)EEPROM .............0-04. 425 
ST24C16 SERIALACCESS CMOS 16K (2048x8)EEPROM...............00- 439 
ST24W16 SERIAL ACCESS CMOS 16K (2048x8)EEPROM..............2004 439 
ST25C16 SERIALACCESS CMOS 16K (2048x8)EEPROM.............-.0-- 439 
ST25W16 SERIAL ACCESS CMOS 16K (2048x8) EEPROM. ..............-.4. 439 
ST24164 SERIALACCESS CMOS 16K (2048x8) EEPROM. ..............--. 453 
ST25164 SERIALACCESS CMOS 16K (2048x8)EEPROM...............-4. 453 
MiFC BUG:EEPAOM oe os Soe owe RS NES Oh Rabe ed Be Oa 465 
ST24E16D EXT.ADDR. SERIAL ACCESS CMOS 16K (2048x 8) EEPROM ........... 467 
ST25E16D EXT.ADDR. SERIAL ACCESS CMOS 16K (2048x8)EEPROM ........... 467 
ST24E32D EXT.ADDR. SERIAL ACCESS CMOS 32K (4096 x8) EEPROM ........... 481 
ST25E32D EXT.ADDR. SERIAL ACCESS CMOS 32K (4096 x8) EEPROM ........... 481 
ST24E64D EXT.ADDR. SERIAL ACCESS CMOS 64K (8192x8) EEPROM ........... 495 
ST25E64D EXT.ADDR. SERIAL ACCESS CMOS 64K (8192x8) EEPROM ........... 495 
MICROWIRE BUSEEPROM ...........-.0 cee cece cece eeeeeneues 509 
ST93C06 SERIAL ACCESS CMOS 256 bit (16x16 or 32x8) EEPROM ............. 511 
ST93CO6C SERIAL ACCESS CMOS 256 bit (16x16 or 32x8) EEPROM ............. 511 
ST93C46A SERIAL ACCESS CMOS 1K (64x16 or 128x8) EEPROM. .............. 521 
ST93C46T SERIAL ACCESS CMOS 1K (64x16 or 128x8) EEPROM. ............-- 524 
ST93C46C SERIAL ACCESS CMOS 1K (64x16 or 128x8) EEPROM. .............. 521 
ST93C56 SERIAL ACCESS CMOS 2K (128x16 or 256x8) EEPROM .............. 531 
ST93C66 SERIAL ACCESS CMOS 4K (256x16 or 512x8) EEPROM .............. 541 
ST93CS46 SERIAL ACCESS CMOS 1K (64x16) EEPROM. .........-.0000000s 551 
ST93CS47 SERIAL ACCESS CMOS 1K (64x16) EEPROM. ...........--00000. 551 
ST93CS56 SERIAL ACCESS CMOS 2K (128x16) EEPROM ..............2000. 565 
ST93CS57 SERIAL ACCESS CMOS 2K (128x16) EEPROM ..............0000- 565 
ST93CS66 SERIAL ACCESS CMOS 4K (256x16) EEPROM ................00. 579 
ST93CS67 SERIAL ACCESS CMOS 4K (256x16) EEPROM ...............--4. 579 
SPI'BUS EEPROM coro ok bs oe he ek we Be ee ee SES 593 
ST95P04C SERIAL ACCESS CMOS 4K (512x8) EEPROM ...........-.0.000. 595 
PARALLEL EEPROM. 9 9-6 640% Sw Sew Be a ee a ee 607 
M28C64C PARALLEL ACCESS CMOS 64K (8Kx8) EEPROM ...............-- 609 
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FAST SRAM 625 ica oo ore! Be deen ees et Saas tis 2m os We ee a ee a weg 619 
M624064 VERY FAST CMOS 64Kx4SRAM ........... 2... 00 eee ee ee eee 621 
M624065 VERY FAST CMOS 64K x 4SRAM WITH OUTPUT ENABLE ............ 631 
M628032 VERY FAST CMOS 32K x 8 SRAM WITH OUTPUT ENABLE ............ 641 
M624256 VERY FAST CMOS 1M (256K x 4) SRAM WITH OUTPUT ENABLE ......... 651 
M628128 VERY FAST CMOS 1M (128K x 8) SRAM WITH OUTPUT ENABLE ......... 661 
CACHE MEMORIES: 1s. <5. 13. Sis. i oe teca et & coy, de ok Ss eae ea ee wa ea we es ee a 671 
MK41S80 VERY FAST CMOS 4K x 4 CACHE TAGRAM............ 2.00. e eee 673 
MK48S74 VERY FAST CMOS 8K x 8 CACHE TAGRAM............ 0.2.20 008. 683 
MK48S80 VERY FAST CMOS 8K x 8 CACHE TAGRAM...................4. 695 
MK4202 VERY FAST CMOS 2K x 20 CACHE TAGRAM ............0 055 e ee 707 
MK62486 VERY FAST CMOS 32K x9 CACHE BRAM....... 2... 2.2.2.0. ee ee eee 727 
M62486A VERY FAST CMOS 32K x9 CACHE BRAM. ............0. 00000 e 739 
M62486R VERY FAST CMOS 32K x9 CACHE BRAM................2.2006. 751 
MK62940 VERY FAST CMOS 32K x9 CACHE BRAM...........2. 2.020. ee eee 763 
M62940A VERY FAST CMOS 32K x9 CACHE BRAM... .. 1... ee eee ee ee ee 775 
STCM128 128K L2 CACHE RAM MODULE WITH TAG ................2.0048. 787 
STCM256 256K L2 CACHE RAM MODULE WITHTAG ..... 2... ........2.004. 787 
FIFOMENORIES 4:2 Accs @ ao he et we Se eo SN Ee ea Re, Sree eS 791 
MK4505M VERY FAST CMOS 1Kx5CLOCKED FIFO ...................4.. 793 
MK4505S VERY FAST CMOS 1Kx5CLOCKED FIFO ..................2.4-. 793 
MK4501 CMOs 512 x9:BIPORT FIFO &.% 2.4 <tie eee ee we a oe ee Ee a ee eee 811 
MK4503 CMOS 2h <9 BIPORT FIFOs os aan ea ee Ee ee wo Sale Oe ee 827 
MK45H0O1 VERY FAST CMOS 512x9BiPORT FIFO ..................20-. 843 
MK45H11 VERY FAST CMOS 512x9BiPORT FIFO ...................0084 843 
MK45H02 VERY FAST CMOS 1Kx9BiIPORTFIFO.......... 2... 0.2. eee eee 843 
MK45H12 VERY FAST CMOS 1Kx9BiPORTFIFO...............2.2+2000- 843 
MK45HO3 VERY FAST CMOS 2Kx9BiPORTFIFO.................2.22006. 843 
MK45H13 VERY FAST CMOS 2Kx9BiPORTFIFO.................2.0006. 843 
MK45HO04 VERY FAST CMOS 4Kx9BiPORTFIFO.......... 0.0... eee eens 859 
MK45H14 VERY FAST CMOS 4Kx9BiPORT FIFO ................-.2.020-.% 859 
MK45H0O8 VERY FAST CMOS 8Kx9BiIPORTFIFO.................0 2000 859 
ZEROPOWER MEMORIES. = 34-2 22 2neth4 oes ec edbe ee be bd wae eae o 875 
MK48C02A CMOS 2K x 8 ZEROPOWER SRAM ........... 2.2.0 ee ee ee ee es 877 
MK48C12A CMOS 2K x 8 ZEROPOWER SRAM .. 2... ee 877 
MK48Z02 CMOS 2Kx8 ZEROPOWER SRAM .............-2.-2. 0220+ ee eee 887 
MK482Z12 CMOS 2Kx8 ZEROPOWER SRAM ............2.. 02.0200 2 eee 887 
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ZEROPOWER MEMORIES (cont'd) 


MKI48Z02 
MKI48212 
M482Z02 

~ M48Z12 
MK48Z08 
MK48218 
MK48Z09 
MK48Z19 
MKI48218 
M48Z08 
M48218 
M48Z09 
M48219 
M48258 
M48259 
M48Z32 
M482Z32Y 
M482Z30 
M482Z30Y 
M482128 
M482128Y 
M482Z256 
M482Z256Y 
M46Z128 
M462128Y 
M482512 
M482512Y 
M46Z256 
M46Z256Y 


TIMEKEEPER MEMORIES 


MK411T56 
MK48T87 
MK48T02 
MK48T12 
M48T02 
M48T12 


CMOS 2K x 8 ZEROPOWER SRAM .... 2... 2. ee ee ee ee 899 
CMOS 2K x 8 ZEROPOWER SRAM ........ 2.2... eee ee ee ee es 899 
CMOS 2K x 8 ZEROPOWER SRAM .... 1... ee eee ee 911 
CMOS 2K. x8 ZEROPOWER SRAM cc 6 wa be ew ee ee a 911 
CMOS 8K x 8 ZEROPOWER SRAM ....... 2... ee ee ee ee ee ee 913 
CMOS 8K x8 ZEROPOWER SRAM ....... 2... 2. eee te ee 913 
CMOS 8K x 8 ZEROPOWER SRAM ...... 2... . ee ee ee 913 
CMOS 8K x 8 ZEROPOWER SRAM ..... 22. ee ee ee es 913 
CMOS SK x 8 ZEHOPOWER SRAM: eis 4 eared ere ei el ods ee A Se 925 
CMOS 8K x8 ZEROPOWER SRAM ....... 2... 2... 2 ee ee ee ee ee 929 
CMOS 8K x8 ZEROPOWER SRAM .......... 2.2.2... ee ee ee eee 929 
CMOS 8K x 8 ZEROPOWER SRAM .. 1... ee ee ee 933 
CMOS 8K x 8 ZEROPOWER SRAM ....... 2... ee ee ee ee ee ee 933 
CMOS 8K x 8 ZEROPOWER SRAM ...........2.2. 02.02 ee ee eee 935 
CMOS 8K x8 ZEROPOWER SRAM ...... 1... 2. eee ee es 937 
CMOS 32K x 8 ZEROPOWER SRAM... 1.2... ee ee 939 
CMOS 32K x 8 ZEROPOWER SRAM... ... 2.2... 2... eee ee ee ee ee 939 
CMOS 32K x 8 ZEROPOWER SRAM... .. 2... 2 ee ee 951 
CMOS 32K x 8 ZEROPOWER SRAM... . 1... 951 
CMOS 128K x 8 ZEROPOWER SRAM ..... 1... . ee ee ee 961 
CMOS 128K x 8 ZEROPOWER SRAM ...... 2... . ee ee 961 
CMOS 256K x 8 ZEROPOWER SRAM ....... 2... eee ee ee ee 971 
CMOS 256K x 8 ZEROPOWER SRAM ....... 2... ee ee 971 
CMOS 128K x 16 ZEROPOWER SRAM ........ 2... eee ee ee ee es 981 
CMOS 128K x 16 ZEROPOWER SRAM ............. 2.028 ee eee 981 
CMOS 512K x 8 ZEROPOWER SRAM ...... 2... 2. eee ee ee ee 991 
CMOS 512K x 8 ZEROPOWER SRAM ...... 2... ee ee ee ee 991 
CMOS 256K x 16 ZEROPOWER SRAM ..... 2.1... ee ee ee ee es 1001 
CMOS 256K x 16 ZEROPOWER SRAM .............2.-2. 202 eee 1001 
a Mes Sarees dan Oe Satay ms Beale al AN ub ee ea ee ee ee eee 107 

CMOS 64 x 8 SERIAL ACCESS TIMEKEEPERSRAM ............. 1013 
CMOS 64 x 8 ADDRESS/DATA MULTIPLEXED TIMEKEEPER SRAM ..... 1025 
CMOS 2K x 8 TIMEKEEPER SRAM ................-2.+02-2. 1043 
CMOS 2K x8 TIMEKEEPER SRAM ..............2. 20200008 1043 
CMOS 2K x 8 TIMEKEEPER SRAM ..... 2... 2... eee ee ee eee 1057 
CMOS 2K x 8 TIMEKEEPERSRAM ..............2.2 0220048. 1057 
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TIMEKEEPER MEMORIES (cont'd) 


MK48T08 CMOS 8K x8 TIMEKEEPER SRAM ........... 0. 2 eee eee ee 
MK48T18 CMOS 8K x8 TIMEKEEPER SRAM ........... 2.2.0.2 eee eee 
M48T08 CMOS 8K x8 TIMEKEEPER SRAM ...............2.0002004 
M48T18 CMOS 8K x 8 TIMEKEEPER SRAM .............. 2.020200 
M48T58 CMOS 8K x8 TIMEKEEPER SRAM ....... 2... 0.2 eee eee eee 
M48T59 CMOS 8K x8 TIMEKEEPER SRAM ............2. 0.2.00 ee eee 
SMARTCARD: PRODUCTS ose we sid xtes aoe 6.0 We: ie he ee Se, we Sw, 
$T1305 CMOS 192 bit EEPROM WITH SECURE LOGIC ACCESS CONTROL ..... 
$T1331 SMARTCARD CMOS 272 bitEEPROM ..................... 
$11336 SMARTCARD CMOS 272 bitEEPROM ................2.0004 
$T1333 SMARTCARD CMOS 272 bit EEPROM ...... 2.2... 2.2.0. ee ee eee 
$T1335 SMARTCARD CMOS 272 bitEEPROM .................200. 
ST14C02C SERIAL ACCESS CMOS 2K (256 x 8) EEPROM ................ 
ST1I6XYZ CMOS MCU BASED FAMILY OF SMARTCARD ICs .............. 
ST16F48 CMOS MCU SAFEGUARDED SMARTCARD IC, 8K EEPROM ......... 
ST16601 CMOS MCU SAFEGUARDED SMARTCARD IC, 1K EEPROM ......... 
ST16SF48 CMOS MCU SAFEGUARDED SMARTCARD IC, 8K EEPROM ......... 
ST16CF54 CMOS MCU SAFEGUARDED SMARTCARD IC, M.A.P. 2... .....200.% 
ST16xF74 CMOS CRYPTO-COMPUTER FAMILY .... 0... 0... 2 eee eee eee 


ST16XYZ-EMU ST16XYZ DEVELOPMENT SYSTEM ..................00.0. 


APPLICATION and QUALITY end @ shes eae WR Oh ed, HOR SS ee ate Sa 
AN206 REPLACING EEPROM WITH ZEROPOWER ................0.4. 
AN207 PROGRAMMING THE MK48Z02 ... 2... 1 2 ee ee 
AN208 POWER FAIL INTERRUPT OF THE MK48Z09/1i9................ 
AN210 TIMEKEEPER CALIBRATION OF THE MK48T02 ................ 
AN211 MEMORY MAPPED TIMEKEEPER REGISTERS OF THE MK48T02...... 
AN218 THE MK45H03 BiPORT FIFO 16-BIT TO 8-BIT CONVERSION. ........ 
AN394 MICROWIRE EEPROM COMMON I/O OPERATION .............. 
AN395 ENSURING DATA INTEGRITY IN ZEROPOWER AND TIMEKEEPER RAMs. . 
AN396 UPGRADED MEMORY CAPABILITY USING ZEROPOWER AND 
TIMEKEERER PRODUCTS ae ao oe ee Bh oe eR ee ee a 
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CMOS:UV EPROM and OTP ROM 


Part Number 


M27C64A-15F1 
M27C64A-20F1 
M27C64A-25F1 
M27C64A-30F1 
M27C64A-20F6 
M27C64A-25F6 
M27C64A-30F6 
M27C256B-70XF1 
M27C256B-80XF 1 
M27C256B-10XF1 
M27C256B-12XF1 
M27C256B-15XF1 
M27C256B-20XF 1 
M27C256B-25xF 1 
M27C256B-10F1 
M27C256B-12F1 
M27C256B-15F1 
M27C256B-20F1 
M27C256B-25F1 
M27C256B-15XF6 
M27C256B-20XF6 
M27C256B-90F6 
M27C256B-12F6 


Organisation 


Vcc Range 


5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 5% 
5V + 5% 
SV + 5% 
5V £5% 
5V 45% 
SV + 5% 
5V + 5% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V+5% 
5V+5% 
5V + 10% 
SV + 10% 


Icc / Stby 


30mA / 100nA 
30mA / 100nA 
30mA / 100pA 
30mA / 100nA 
30mA / 100nA 
30mA / 100nA 
30mA / 100nA 
30mA / 100HA 
30mA / 100pA 
30mA / 100pA 
30mA / 100nA 
30mA / 100nA 
30mA / 100nA 
30mA / 100nA 
30mA / 100pA 
30mA / 100pA 
30mA / 100HA 
30mA / 100pA 
30mA / 100pA 
30mA / 100nA 
30mA / 100nA 
30mA / 100HA 
30mA / 100nA 


Temperature 
Range (°C) 


0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 


NON VOLATILE MEMORIES 


Package 


FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 


AqGINS NOILOATSS 
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Part Number 


M27C256B-15F6 
M27C256B-20F6 
M27C256B-25F6 


M27C256B-15XF3 


M27C256B-20F3 
M27C256B-90B1 
M27C256B-12B1 
M27C256B-15B1 
M27C256B-20B1 
M27C256B-15B6 
M27C256B-20B7 
M27C256B-20B3 
M27C256B-90C1 
M27C256B-12C1 
M27C256B-15C1 
M27C256B-20C1 
M27C256B-12C6 
M27C256B-15C6 
M27C256B-20C6 


M87C257-12XF 1 
M87C257-20XF 1 
M87C257-12F1 


CMOS UV EPROM and OTP ROM (cont'd) 


Organisation 


Vcc Range 


5V + 10% 
5V + 10% 
5V+10% 
5V+5% 
5V + 10% 
5V+ 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 


5V + 5% 
5V + 5% 
5V + 10% 


Icc / Stby 


30mA / 100LA 
30mA / 100A 
30mA / 100HA 
30mA / 100HA 
30mA / 100nA 
30mA / 100A 
30mA / 100nA 
30mA / 100nA 
30mA / 100A 
30mA / 100A 
30mA / 100A 
30mA / 100A 
30mA / 100nA 
30mA / 100A 
30mA / 100A 
30mA / 100A 
30mA / 100A 
30mA / 100A 
30mA / 100A 


30mA / 200pA 
30mA / 200nA 
30mA / 200pA 


Temperature 
Range (°C) 


—40 to 85 
—40 to 85 
—40 to 85 
—40 to 125 
—40 to 125 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 105 
—40 to 125 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 


NON VOLATILE MEMORIES 


Package 


FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PLCC32 
PLCC32 
PLCC32 
PLOC32 
PLOC32 
PLCOC32 
PLCC32 


FDIP28W 
FDIP28W 
FDIP28W 
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NON VOLATILE MEMORIES 


5V + 10% 30mA / 200HA 0 to 70 FDIP28W 

5V + 10% 30mA / 200A —40 to 85 FDIP28W 
5V + 10% 30mA / 200A 0 to 70 PLOC32 
5V + 10% 30mA / 200A —40 to 85 PLCC32 


5V + 10% 30mA / 200A —40 to 85 PLCOC32 
SV + 10% 30mA / 200A —40 to 125 PLCC32 


CMOS UV EPROM and OTP ROM (cont'd) 


256K M87C257-20F 1 32K x 8 200 
M87C257-15F6 32K x 8 150 
150 


M87C257-15C1 
150 
200 
150 


Temperature 
Range (°C) 


M87C257-15C6 
M87C257-20C6 
M87C257-15C3 


M27C512-70XF1 5V + 5% 30mA / 100A 0 to 70 FDIP28W 
M27C512-80XF1 5V + 5% 30mA / 100nA 0 to 70 FDIP28W 
M27C512-12XF1 5V + 5% 30mA / 100A 0 to 70 FDIP28W 


M27C512-15XF1 
M27C512-20XF 1 
M27C512-25XF 1 
M27C512-10F 1 
M27C512-12F 1 
M27C512-15F 1 
M27C512-20F1 ~ 
M27C512-25F 1 
M27C512-15XF6 
M27C512-15F6 
M27C512-20F6 
M27C512-12F3 
M27C512-20F3 


FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 


5V + 5% 
5V + 5% 
5V + 5% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
SV + 10% 
5V + 5% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 


0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 125 
—40 to 125 


30mA / 100pA 
30mA / 100nA 
30mA / 100A 
30mA / 100pA 
30mA / 100A 
30mA / 100A 
30mA / 100nA 
30mA / 100A 
30mA / 100nA 
30mA / 100nA 
30mA / 100A 
30mA / 100HA 
30mA / 100HA 


AdIND NOILOATAS 
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NON VOLATILE MEMORIES 


CMOS UV EPROM and OTP ROM (coni’d) 


Temperature 
Range (°C) 


Part Number Organisation Vcc Range Icc / Stby 


Package 
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M27C512-90B1 
M27C512-12B1 
M27C512-15B1 
M27C512-20B1 
M27C512-15B6 
M27C512-20B6 
M27C512-12B3 
M27C512-20B3 
M27C512-90C1 
M27C512-12C1 
M27C512-15C1 
M27C512-20C1 


M27V512-200K1 


M27C512-12C6 
M27C512-20C6 
M27C512-12C3 
M27C512-90N1 
M27C512-12N1 


M27V512-200N1 
M27C1001-70XF 1 
M27C1001-80XF 1 
M27C1001-12F 1 
M27C1001-12XF 1 


128K x 8 
128K x 8 
128K x 8 
128K x 8 


5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
3 to 5.5V 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
3 to 5.5V 
5V+5% 

5V+5% 

5V + 10% 
SV + 5% 


30mA / 100nA 
30mA / 100nA 
30mA / 100nA 
30mA / 100nA 
30mA / 100A 
30mA / 100nA 
30mA / 100A 
30mA / 100nA 
30mA / 100A 
30mA / 100A 
30mA / 100A 
30mA / 100A 
10mA / 100nA 
30mA / 100A 
30mA / 100A 
30mA / 100A 
30mA/ 100A 
30mA / 100A 
10mA / 100pA 
30mA / 100A 
30mA / 100A 
30mA / 100A 
30mA / 100A 


0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 125 
—40 to 125 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 125 


PDIP28 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PLOC32 
PLCC32 
PLCC32 
PLOC32 
PLOC32 
PLCC32 
PLOC32 
PLCOC32 
TSOP28 
TSOP28 
TSOP28 
FDIP32W 
FDIP32W 
FDIP32W 
FDIP32W 


ky 
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NON VOLATILE MEMORIES 


CMOS UV EPROM and OTP ROM (cont'd) 


Temperature 


Range (°C) Package 


Part Number Organisation Vcc Range Icc / Stby 


M27C1001-15XF1 128K x8 5V + 5% 30mA / 100nA 0 to 70 FDIP32W 
M27C1001-20XF1 128K x 8 5V + 5% 30mA / 100pA 0 to 70 FDIP32W 
M27C1001-25XF1 128K x8 BV + 10% 30mA / 100A 0 to 70 FDIP32W 
M27C1001-10F1 128K x8 5V + 10% 30mA / 100nA 0 to 70 FDIP32W 
M27C1001-15F1 128K x8 5V+10% 30mA / 100LA 0 to 70 FDIP32W 
M27C1001-20F1 128K x8 5V + 10% 30mA / 100nA 0 to 70 FDIP32W 
M27C1001-25F1 128K x8 5V + 10% 30mA / 100nA 0 to 70 FDIP32W 
M27C1001-20XF6 128K x8 5V+5% 30mA / 100pA —40 to 85 FDIP32W 
M27C1001-12F6 128K x8 5V + 10% 30mA / 100nA ~40 to 85 FDIP32W 
M27C1001-15F6 128K x8 5V + 10% 30mA / 100pA —40 to 85 FDIP32W 
M27C1001-20F6 128K x8 BV + 10% 30mA / 100A —40 to 85 FDIP32W 
M27C1001-10XF3 128K x8 5V + 5% 30mA / 100nA —40 to 125 FDIP32W 


Use M27V101-200L6 
M27C1001-12B3 128K x8 150 SV + 10% 30mA / 100nA —40 to 125 PDIP32 
M27C1001-90C1 128K x 8 5V + 10% 30mA / 100nA 0 to 70 PLCC32 
M27C1001-10C1 128K x 8 5V+10% 30mA / 100nA 0 to 70 PLOC32 
M27C1001-12C1 128K x8 5V + 10% 30mA / 100A 0 to 70 PLCC32 
M27C1001-15C1 128K x8 5V + 10% 30mA / 100A 0 to 70 PLCC32 
M27C1001-20C1 128K x8 SV + 10% 30mA / 100pLA 0 to 70 PLCC32 
M27V101-200K1 128K x 8 3 to 5.5V 30mA / 100A 0 to 70 PLCC32 


M27C1001-90C6 128K x8 5V+10% 30mA / 100LnA —40 to 85 PLCC32 
M27C1001-12C6 128K x8 5V + 10% 30mA / 100LnA —40 to 85 PLCC32 


AGINS NOILOATSS 


0c 


ky 


SOINOUADTTIOUDIN 
NOSIWWOHL-S9S 


NON VOLATILE MEMORIES 
CMOS UV EPROM and OTP ROM (cont'd) 


iM —_|M27C1001-15C6 128K x 8 BV + 10% 30mA / 100nA ~40 to 85 PLCC32 
M27V101-200L6 128K x 8 3.2 to 5.5V 30mA / 100pA 40 to 85 LOCC32w 
80 


Temperature 
Range (°C) 


M27C1024-80XF 1 64K x 16 5V+5% 35mA / 100nA 0 to 70 FDIP40W 
M27C1024-12XF 1 64K x 16 120 5V+5% 35mA / 100uA 0 to 70 FDIP40W 
M27C1024-15XF1 64K x 16 5V+5% 35mA / 100nA 0 to 70 FDIP40W 
M27C1024-20XF 1 64K x 16 5V + 5% 35mA / 100uA 0 to 70 FDIP40W 
M27C1024-10F1 64K x 16 5V + 10% 35mA / 100pA 0 to 70 FDIP40W 
M27C1024-12F1 64K x 16 5V + 10% 35mA / 100uA 0 to 70 FDIP40W 
M27C1024-15F 1 64K x 16 5V + 10% 35mA / 100pA 0 to 70 FDIP40W 
M27C01024-20F 1 64K x 16 5V + 10% 35mA / 100LA 0 to 70 FDIP40W 
M27C1024-25F 1 64K x 16 5V + 10% 35mA / 100uA 0 to 70 FDIP40W 


M27C1024-12XF6 64K x 16 5V+5% 35mA / 100HA —40 to 85 FDIP40W 


M27C1024-10C1 64K x 16 5V + 10% 35mA / 100uA 0 to 70 PLOC44 
M2701024-12C1 64K x 16 5V + 10% 35mA / 100LA 0 to 70 PLOC44 
M27C1024-15C1 64K x 16 5V + 10% 35mA / 100uA 0 to 70 PLOC44 


M27C1024-12C6 64K x 16 5V + 10% 35mA / 100HA —40 to 85 PLOC44 


M27C2001 -80XF 1 256K x 8 5V+5% 30mA / 1002A 0 to 70 FDIP32W 
M27C2001-15XF1 256K x 8 5V+5% 30mA / 100LA 0 to 70 FDIP32W 
M27C2001-10F1 256K x 8 5V + 10% 30mA / 100uA 0 to 70 FDIP32W 
M27C2001-12F 1 ' 256K x 8 5V + 10% 30mA / 100uA 0 to 70 FDIP32W 
M27C2001-15F 1 256K x 8 5V + 10% 30mA / 100HA 0 to 70 FDIP32W 
M27C2001 -20F1 256K x 8 5V + 10% 30mA / 100uA 0 to 70 FDIP32W 


M27C2001-12F6 256K x 8 5V + 10% 30mA / 100uA —40 to 85 FDIP32W 
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NON VOLATILE MEMORIES 


CMOS UV EPROM and OTP ROM (cont'd) 


= Part Number Organisation ee Vcc Range Icc / Stby 


2M M27C2001-10L1 Use M27V201-200L6 
M27C2001-10C1 5V + 10% 
M27C2001-12C1 5V + 10% 
M27C2001-15C1 5V + 10% 
M27V201-200K1 3 to 5.5V 
M27C2001-12C6 5V + 10% 


Temperature 
Range (°C) 


Package 


LCCC32W 


PLOC32 
PLCC32 
PLOC32 
PLCC32 
PLCC32 


0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 


256K x 8 
256K x 8 
256K x 8 
256K x 8 
256K x 8 


100 
120 
150 
200 
120 


30mA / 100nA 
30mA / 100nA 
30mA / 100nA 
30mA / 100pA 
30mA / 100A 


M27C2001-15C6 256K x 8 150 BV + 10% 30mA / 100A ~40 to 85 PLCC32 
M27V201-200L6 256K x 8 3.2 to 5.5V 30mA / 100,A 40 to 85 LOCC32W 
M27C4001 -80XF1 512K x 8 80 BV + 5% 50mA / 100nA 0 to 70 FDIP32W 


FDIP32W 
FDIP32W 
FDIP32W 


0 to 70 
0 to 70 
0 to 70 


100 
100 
120 
150 


5V + 5% 
5V + 10% 
SV + 10% 


512K x 8 
512K x8 
512K x 8 


M27C4001 -10XF1 
M27C4001-10F 1 
M27C4001-12F 1 
M27C4001-15F 1 512K x8 5V + 10% 50mA / 100A 0 to 70 FDIP32W 
M27C4001-12F6 512K x8 SV + 10% 50mA / 100uA —40 to 85 FDIP32W 


4M 
120 
fMa7c4oo1-95xL6 | si2kx8_ | 95 | Vt5% | SOMA/100NA | —4otoss | LCCCaZW__ 

M27C4001-10C1 512K x8 5V + 10% 50mA / 100uA 0 to 70 PLCC32 
M27C4001-12C1 512K x8 5V + 10% 50mA / 100nA 0 to 70 PLCOC32 
M27C4001-15C1 512K x8 5V + 10% 50mA / 100nA 0 to 70 PLOC32 
M27V401-200K1 512K x8 3 to 5.5V 50mA / 100A 0 to 70 PLCC32 
M27C4001-12C6 512K x8 5V + 10% 50mA / 100A —40 to 85 PLCC32 

80 


M27C4002-80XF 1 256K x 16 5V + 5% 50mA / 100A 0 to 70 FDIP40W 
M27C4002-10XF1 256K x 16 100 5V + 5% 50mA / 100A 0 to 70 FDIP40W 


50mA/ 100nA 
50mA/ 100nA 
50mA/ 100nA 


AGINS NOILOATASS 
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NON VOLATILE MEMORIES 


CMOS UV EPROM and OTP ROM (cont'd) 


tacc Temperature 


M27C4002-10F1 256K x 16 5V + 10% 50mA / 100nA 0 to 70 FDIP40W 


M27C4002-12F 1 256K x 16 5V + 10% 50mA / 100HA 0 to 70 FDIP40W 
M27C4002-15F 1 256K x 16 5V + 10% 50mA / 100nA 0 to 70 FDIP40W 
M27C4002-12F6 256K x 16 5V + 10% 50mA / 100nA —40 to 85 FDIP40W 


M27C4002-15F6 256K x 16 5V + 10% 5OmA / 100nA —40 to 85 FDIP40W 
Me7caq021256 | —aseexe | 120 | av 10% | soma/totua | 40905 | -a.ccaaw 
M27C4002-12C1 256K x 16 120 5V + 10% 50mA / 100nA PLOC44 
M27C4002-15C1 256K x 16 150 5V + 10% 50mA / 100nA PLCC44 
M27C4002-12C6 256K x 16 120 5V + 10% 50mA / 100nA PLOC44 
M27C4002-15C6 256K x 16 5V + 10% 50mA / 100uA PLOC44 


M27C160-200F1 x8 / x16 ar BV + 10% 50mA / 100A 0 to 70 FDIP42W 
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NMOS UV EPROM 


= Part Number Organisation Vcc Range Icc / Stby ee, Package 
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Ce 


M2716F1 
M2716-1F1 
M2716F6 
M2716-1F6 
M2732A-2F 1 
M2732AF 1 
M2732A-3F 1 
M2732A-4F 1 
M2732A-20F 1 
M2732A-25F 1 
M2732AF6 
M2732A-4F6 
M2764A-1F 1 
M2764A-2F 1 
M2764AF 1 
M2764A-3F 1 
M2764A-4F 1 
M2764A-20F 1 
M2764A-25F 1 
M2764A-2F6 
M2764AF6 
M2764A-4F6 


5V +5% 
5V + 10% 
5V +5% 
5V + 10% 
5V +5% 
5V + 5% 
5V + 5% 
5V +5% 
5V + 10% 
5V + 10% 
5V +5% 
5V + 5% 
5V + 5% 
5V + 5% 
5V + 5% 
5V +5% 
5V +5% 
5V + 10% 
5V + 10% 
5V £5% 
5V + 5% 
5V + 5% 


100mA / 25mA 
100mA / 25mA 
100mA / 25mA 
100mA / 25mA 
125mA /35mA 
125mA / 35mA 
125mA / 35mA 
125mA / 35mA 
125mA / 35mA 
125mA /35mA 
125mA /35mA 
125mA / 35mA 
75mA / 35mA 
75mA / 35mA 
75mA / 35mA 
75mA / 35mA 
75mA / 35mA 
75mA / 35mA 
75mA / 35mA 
75mA / 35mA 
75mA / 35mA 
75mA / 35mA 


0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 


FDIP24W 
FDIP24W 
FDIP24W 
FDIP24W 
FDIP24W 
FDIP24W 
FDIP24W 
FDIP24W 
FDIP24W 
FDIP24W 
FDIP24W 
FDIP24W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
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NON VOLATILE MEMORIES 


NMOS UV EPROM (cont’d) 


= Part Number Organisation Vcc Range lec / Stby 


128K M27128AF 1 5V +5% 85mA / 40mA 
M27128A-3F1 5V+5% 85mA / 40mA 
M27128A-4F 1 5V + 5% 85mA / 40mA 
M27128A-2F 1 5V +5% 85mA / 40mA 
M27128A-25F 1 5V +10% 85mA / 40mA 
M27128AF6 SV + 5% 85mA / 40mA 
M27256-1F 1 5V +5% 100mA / 40mA 
M27256-2F 1 SV +5% 100mA / 40mA 
M27256F 1 5V+5% 100mA / 40mA 
M27256-3F 1 5V +5% 100mA / 40mA 
M27256-4F 1 SV + 5% 100mA / 40mA 
M27256-20F 1 SV + 10% 100mA / 40mA 
M27256-25F 1 5V + 10% 100mA / 40mA 
M27256F6 5V +5% 100mA / 40mA 
M27512-2F 14 oV +5% 125mA / 40mA 
M27512F 1 5V + 5% 125mA / 40mA 
M27512-3F 1 5V +5% 125mA / 40mA 
M27512-20F1 5V + 10% 125mA / 40mA 
M27512-25F 1 5V + 10% 125mA / 40mA 
M27512-2F6 5V +5% 125mA / 40mA 
M27512F6 5V +5% 125mA / 40mA 


Temperature 
Range (°C) 


Package 


0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 


FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 


AdGINS NOILOATSS 


ky 


SOINOUAOTTIOUIIN 
NOSINOHL-S9S 


Ge 


NON VOLATILE MEMORIES 
FLASH MEMORIES 


M28F256A-12B1 5V + 10% 30mA / 200A 0 to 70 PDIP32 
M28F256-12B1 5V + 10% 30mA / 200HA 0 to 70 PDIP32 
M28F256A-15B1 5V + 10% 30mA / 200A 0 to 70 PDIP32 
M28F256-15B1 5V + 10% 30mA / 200A 0 to 70 PDIP32 
M28F256A-20B1 5V + 10% 30mA / 200A 0 to 70 PDIP32 
M28F256-20B1 5V + 10% 30mA / 200A 0 to 70 PDIP32 
M28F256A-15B6 5V + 10% 30mA / 200A —40 to 85 PDIP32 
M28F256-15B6 5V + 10% 30mA / 200UA —40 to 85 PDIP32 
M28F256A-15B3 5V + 10% 30mA / 200A —40 to 125 PDIP32 
M28F256-15B3 5V + 10% 30mA / 200A —40 to 125 PDIP32 


Temperature 
Range (°C) 


M28F256A-12C1 5V + 10% 30mA / 200A 0 to 70 PLCC32 
M28F256-1201 5V + 10% 30mA / 200A 0 to 70 PLOC32 
M28F256A-15C1 5V + 10% 30mA / 200A 0 to 70 PLOC32 
M28F256-15C1 5V + 10% 30mA / 200A 0 to 70 PLOC32 
M28F256A-20C01 5V + 10% 30mA / 200A 0 to 70 PLOC32 
M28F256-20C1 SV + 10% 30mA / 200A 0 to 70 PLOC32 
M28F256A-15C6 5V + 10% 30mA / 200A —40 to 85 PLOC32 
M28F256-15C6 5V + 10% 30mA / 200HA —40 to 85 PLOC32 
M28F256A-15C3 5V + 10% 30mA / 200A —40 to 125 PLCOC32 


PLCC32 
PDIP32 
PDIP32 
PDIP32 


M28F256-15C3 SV + 10% 30mA / 200A —40 to 125 
M28F512-12B1 SV + 10% 30mA / 200A 
M28F512-15B1 5V + 10% 30mA / 200A 


M28F512-20B1 5V + 10% 30mA / 200A 


JAGIND NOILOA1Ss 


92 


ky 


SOIMOULITTHOUDIN 
NOSWOHL-S9S 


NON VOLATILE MEMORIES 


150 SV + 10% 30mA / 200A —40 to 125 PDIP32 

120 SV + 10% 30mA / 200A 0 to 70 PLCOC32 
5V + 10% 30mA / 200A 0 to 70 PLCOC32 
5V + 10% 30mA / 200A 0 to 70 PLCC32 
SV + 10% 30mA / 200A —40 to 85 PLCC32 


SV + 10% 30mA / 200A —40 to 125 PLCC32 


FLASH MEMORIES (cont'd) 


M28F512-15B3 64K x 8 

M28F512-12C1 
M28F512-15C1 
M28F512-20C1 
M28F512-15C6 


M28F512-15C3 


Temperature 
Range (°C) 


150 


M28F101-120P1 128K x 8 5V + 10% 30mA / 100A 0 to 70 PDIP32 
M28F101-150P1 128K x 8 5V + 10% 30mA / 100LA 0 to 70 PDIP32 
M28F101-200P1 128K x 8 5V + 10% 30mA / 100LA 0 to 70 PDIP32 
M28F101-150P6 128K x 8 5V + 10% 30mA / 100HA —40 to 85 PDIP32 


M28F101-150P3 128K x 8 SV + 10% 30mA / 100uA —40 to 125 PDIP32 
M28F101-120K1 128K x 8 5V + 10% 30mA / 100HA 0 to 70 PLCC32 
M28F101-150K1 128K x 8 5V + 10% 30mA / 100LA 0 to 70 PLCOC32 
M28F101-200K1 128K x 8 5V + 10% 30mA / 100LA 0 to 70 PLCC32 
M28F101-150K6 128K x 8 5V + 10% 30mA / 100HA —40 to 85 PLCC32 
M28F101-150K3 128K x 8 5V + 10% 30mA / 100nA —40 to 125 PLCC32 
M28F101-120N1 128K x 8 5V + 10% 30mA / 100nA TSOP32 
M28F101-150N1 128K x 8 5V + 10% 30mA / 100HA TSOP32 
M28F101A-60N1 128K x 8 5V + 10% 30mA / 100HA TSOP32 
M28V101A-100N1 128K x 8 3.3V + 0.3V 30mA / 100HA TSOP32 
M28F101B-60N1 128K x 8 5V + 10% 30mA / 100HA TSOP32 
M28V101B-150N1 128K x 8 3.3V + 0.3V 30mA / 100HA TSOP32 


AGIND NOILOATSS 


SOINOUADITIOUIIN 


NOSWOHL-S9S thy 


Lo 


NON VOLATILE MEMORIES 


PLOC44 
PLCC44 
PLCC44 


FLASH MEMORIES (cont'd) 


Part Number 


M28F102-150K1 
M28F102-150K6 
M28F102-150K3 


Temperature 
Range (°C) 


tacc 
(ns) 


Organisation Vcc Range Icc / Stby 


150 
150 
150 


5V + 10% 
5V + 10% 
5V + 10% 


64K x 16 
64K x 16 
64K x 16 


0 to 70 
—40 to 85 
—40 to 125 


50mA / 100nA 
50mA / 100uA 
50mA / 100pA 


M28F201-60N1 256K x 8 60 5V+ 10% 30mA / 100HA TSOP32 
M28V201-100N1 256K x 8 100 3.3V + 0.3V 30mA / 100A TSOP32 
M28F201A-60N1 256K x 8 60 5V+10% 30mA / 100nA TSOP32 
M28V201A-150N1 256K x 8 150 3.3V + 0.3V 30mA / 100A TSOP32 


3V to 5.5V 30mA / 50nA 0 to 70 TSOP56 
M28V411-150N1 912K x 8, Block Er. 1 3V to 5.5V 30mA / 50uA 0 to 70 TSOP40 


M28F841-85N1 1M x 8, Sector Er. 5V+10% 30mA / 30nA 0 to 70 TSOP40 
M28V841 -200N1 1M x 8, Sector Er. 200 3V to 5.5V 30mA / 30nA 0 to 70 TSOP40 


16M M28F161-100N1 2M x 8, Sector Er. 100 3.3V + 0.3V 30mA / 30nA 0 to 70 TSOP48 


M28V410-150N1 x8 / x16, Block Er. 150 
6 
s) 
8 


0 
0 
5 


AGINS NOILOATSS 


8c 


NON VOLATILE MEMORIES 


EEPROM, I°C and MICROWIRE Serial Access Bus 


Temperature 


Range (°C) Package 


Part Number Organisation 


AGINS NOILOATAS 


iy 


SOINOULITTIOUDIN 
NOSWOHL-S9S 


ST24C01B1 
ST24W01B1 
ST24C01CB1 
ST24W01CB1 
$T25C01B1 
ST25C01CB1 
ST25W01CB1 
ST24C01B6 
ST24W01B6 
ST24C01CB6 
ST24W01CB6 
ST25C01B6 
ST25C01CB6 
ST25W01CB6 
ST24C01M1 
ST24C01M1013TR 
ST24W01M1 
ST24W01M1013TR 
ST24C01CM1 
ST24C01CM1TR 
ST24W01CM1 
ST24W01CM1TR 


Byte/Page Write 
Write Control 
Byte/Page Write 
Write Control 
Byte/Page Write 
Byte/Page Write 
Write Control 
Byte/Page Write 
Write Control 
Byte/Page Write 
Write Control 
Byte/Page Write 
Byte/Page Write 
Write Control 
Byte/Page Write 
Byte/Page Write 
Write Control 
Write Control 
Byte/Page Write 
Byte/Page Write 
Write Control 
Write Control 


Oto 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 


PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 


. ‘NON VOLATILE MEMORIES. 


EEPROM, I’C and MICROWIRE Serial Access Bus (cont'd) 


Temperature 


Range (°C) Package 


Part Number Organisation 


ky 


SONOVLITTIOUDINI 
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6c 


ST25C01CM1 
ST25C01CM1TR 
ST25C01M1 
$T25C01M1013TR 
ST25W01CM1 
ST25W01CM1TR 
ST24C01M6 
ST24C01M6013TR 
ST24W01M6 
ST24W01M6013TR 
$T24C01CM6 
ST24C01CM6TR 
ST24W01CM6 
ST24W01CM6TR 
$T25C01CM6 
ST25C01CM6TR 
ST25C01M6 
$T25C01M6013TR 
ST25W01CM6 
ST25W01CM6TR 
ST24C01M3 


Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Write Control 
Write Control 
Byte/Page Write 
Byte/Page Write 
Write Control 
Write Control 
Byte/Page Write 
Byte/Page Write 
Write Control 
Write Control 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Write Control 
Write Control 
Byte/Page Write 


0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 125 


AGINS NOILOATAS 


0€ 


ky 
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EEPROM, I°C and MICROWIRE Serial Access Bus (cont'd) 


Part Number 


ST24C02AB1 
ST24C02AB1/AAB 
ST24C02CB1 
ST24W02CB1 
ST25C02AB1 
ST25C02CB1 
ST25W02CB1 
ST24C02AB6 
ST24C02CB6 
ST24W02CB6 
ST25C02AB6 
ST25C02CB6 
ST25W02CB6 
ST24C02CB3 
ST25C02CB3 
ST24C02AB3 
ST24C02AM1 
ST24C02AM1013TR 
ST24C02CM1 
ST24C02CM1TR 
ST24W02CM1 
ST24W02CM1TR 


Byte/Page Write 
Content all 00 
Byte/Page Write 
Write Control 
Byte/Page Write 
Byte/Page Write 
Write Control 
Byte/Page Write 
Byte/Page Write 
Write Control 
Byte/Page Write 
Byte/Page Write 
Write Control 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Write Control 
Write Control 


NON VOLATILE MEMORIES 


Temperature 
Range (°C) 


0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—A0 to 85 
—40 to 125 
—40 to 125 
—40 to 125 


Package 


PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 


AGINS NOILOATSS 


NON VOLATILE MEMORIES 


EEPROM, I’C and MICROWIRE Serial Access Bus (cont'd) 


ee ie Vcc min Temperature 
= Part Number Organisation (v) Range (°C) Package 


SOINOULIATIOUIIM 


NOSWOHL-SIS ELS | 


Le 


ST25C02AM1 
ST25C02AM1013TR 
ST25C02CM1 
ST25C02CM1TR 
ST25W02CM1 
ST25W02CM1TR 
ST24C02AM6 
ST24C02AM6013TR 
ST24C02CM6 
ST24C02CM6TR 
ST24W02CM6 
ST24WO2CM6TR 
ST25C02AM6 
ST25C02AM6013TR 
ST25C02CM6 
ST25C02CM6TR 
ST25W02CM6 
ST25WO02CM6TR 
ST24C02AM3 
ST24C04B1 
ST24C04CB1 
ST24WO4CBI 
ST25C04B1 


Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Write Control 
Write Control 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Write Control 
Write Control 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Write Control 
Write Control 
Byte/Page Write 
Write Protection 
Write Protection 
Write Control 
Write Protection 


0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
-40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 125 


PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 


AGIND NOILOATES 
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EEPROM, I°C and MICROWIRE Serial Access Bus (cont'd) 


Part Number 


ST25C04CB1 
ST25W04CB1 
ST24C04B6 
ST24C04CB6 
ST24W04CB6 
ST25C04B6 
ST25C04CB6 
ST25W04CB6 
ST24C04CB3 
ST24C04CM1 
ST24C04CM1TR 
ST24W04CM1 
ST24W04CMiTR 
ST25C04CM1 
ST25CO04CM1TR 
ST25W04CM1 
ST25W04CM1TR 
ST24C04CM6 
ST24C04CMETR 
ST24W04CM6 
ST24W04CMETR 
ST25C04CM6 
ST25CO4CME6TR 


Write Protection 
Write Control 
Write Protection 
Write Protection 
Write Control 
Write Protection 
Write Protection 
Write Control 
Write Protection 
Write Protection 
Write Protection 
Write Control 
Write Control 
Write Protection 
Write Protection 
Write Control 
Write Control 
Write Protection 
Write Protection 
Write Control 
Write Control 
Write Protection 
Write Protection 


Temperature 
Range (°C) 


0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 125 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 


NON VOLATILE MEMORIES 


Package 


PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 


AGINS NOILOATSS 


Iky 


SOIMOWLOATIONOLNA 
NOSWOHL-S9S 
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NON VOLATILE MEMORIES 
EEPROM, I?C and MICROWIRE Serial Access Bus (cont'd) 


fe | mtr | on | | 

ST25W04CM6TR 512x8 2.5 Write Control —40 to 85 SO8TR 

8K ST24C08B1 4.5 Write Protection 0 to 70 PSDIP8 
ST24C08CB1 PSDIP8 
ST25C08CB1 PSDIP8 
ST24C08B6 PSDIP8 
ST24C08CB6 PSDIP8 
ST25C08CB6 PSDIP8 
ST24C08CM1 
ST24CO08CM1TR 
ST25C08CM1 
ST25CO8CM1TR 
ST24C08CM6 
ST24CO8CMETR 
ST25CO8CM6 
ST25CO8CME6TR 
ST24C16CB1 


Temperature 
Range (°C) 


0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
0 to 70 


Write Protection 


Write Protection 


Write Protection 
Write Protection 
Write Protection 
Write Protection 
Write Protection 


Write Protection 


Write Protection 
Write Protection 


Write Protection 


Write Protection 


Write Protection 


Write Protection PSDIP8 


ST24E16DB1 XI?C Bus & WC 0 to 70 PSDIP8 
ST25C16CB1 Write Protection 0 to 70 PSDIP8 
ST25E16DB1 XI?C Bus & WC 0 to 70 PSDIP8 
ST24C16CB6 Write Protection —40 to 85 PSDIP8 
ST24E16DB6 XI?C Bus & WC —40 to 85 PSDIP8 


ST25C16CB6 Write Protection —40 to 85 PSDIP8 


AGINDS NOILOATSS 


be 


ky 


SOINOWLITTIOUDINY 
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NON VOLATILE MEMORIES. 


—40 to 125 PSDIP8 
0 to 70 SO8 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 


EEPROM, ?C and MICROWIRE Serial Access Bus (cont'd) 


ST24C16CB3 2K x8 3.0 Write Protection 
ST24C16CM1 Write Protection 
ST24C16CM1TR 
ST24C16DM1 
ST24C16DM1TR 
ST24E16DM1 
ST24E16DM1TR 
ST25C16DM1 
ST25C16DM1TR 
ST25E16DM1 
ST25E16DM1TR 
ST24C16DM6 
ST24C16DM6TR 
ST24E16DM6 
ST24E16DM6TR 
ST25C 16DM6 
ST25C16DM6TR 
ST25E16DM6 
ST25E16DM6TR 
ST24C16CML1 
ST24C16CMLITR 
ST25C16CML1 


Temperature 
Range (°C) 


Write Protection SO8TR 


Write Protection 


Write Protection 
XI?C Bus & WC 
XI?C Bus & WC 
Write Protection 


Write Protection 
XI?C Bus & WG 
xI?C Bus & WC 
Write Protection 


Write Protection 
XI?C Bus & WC 
XI?C Bus & WC 
Write Protection 


Write Protection 
XI°C Bus & WC 
XI?C Bus & WC 
Write Protection 


S014 
SO14TR 
S014 


Write Protection 


Write Protection 


AGINS NOILOATSS 


NON VOLATILE MEMORIES 


EEPROM, I?C and MICROWIRE Serial Access Bus (cont'd) 


hy 


SOMOMAITTIOUTIN 
NOSWOHL-SIS 


GE 


= Part Number 


ST25C16CML1TR 
ST24C16CML6 
ST24C16CMLETR 
ST25C16CML6 
ST25C16CML6TR 
ST93C06CB1 
ST93C06B1 
ST93CO6CBE 
ST93CO6B6 
ST93CO06CB3 
ST93C06B3 
ST93CO6CM1 
ST93CO6CM1TR 
ST93C06M1 
ST93C06M1013TR 
ST93CO6CM6 
ST93CO6CMETR 
ST93CO6M6 
ST93C06M6013TR 
ST93CO6CM3 
ST938CO6CM3TR 
ST93C06M3 


Organisation 


32x8 or 16x16 
32x8 or 16x16 
32x8 or 16x16 
32x8 or 16x16 
32x8 or 16x16 
32x8 or 16x16 
32x8 or 16x16 
32x8 or 16x16 
32x8 or 16x16 
32x8 or 16x16 
32x8 or 16x16 
32x8 or 16x16 
32x8 or 16x16 
32x8 or 16x16 
32x8 or 16x16 
32x8 or 16x16 
32x8 or 16x16 


Write Protection 
Write Protection 
Write Protection 
Write Protection 
Write Protection 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, iMHz 
Dual Org, 1MHz 
Dual Org, iMHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 


Temperature 
Range (°C) 


0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 

0 to 70 

0 to 70 
—40 to 85 
—40 to 85 
—40 to 125 
—40 to 125 

0 to 70 

0 to 70 

0 to 70 

0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 125 
—40 to 125 
—40 to 125 


Package 


SO14TR 
$014 
SO14TR 
S014 
SO14TR 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 


AGINDS NOILOATAS 
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EEPROM, I?C and MICROWIRE Serial Access Bus (cont'd) 


ky 
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Part Number 


ST93CS46B1 

ST93CS47B1 

ST93CS46B6 
ST93CS47B6 
ST93CS46B3 
ST93CS46M1 
ST93CS47M1 
ST93CS46M6 
ST93CS47M6 
ST93CS46M3 
ST93C46AB1 

ST93C46CB1 

ST93C46AB6 
ST93C46CB6 
ST93C46AB3 
ST93C46CB3 
ST93C46AM1 


ST93C46AM1013TR 


ST93C46TM1 


ST93C46TM1013TR 


ST93C46CM1 
ST938C46CM1TR 
ST93C46AM6 


Organisation 


128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 


Feature 


Write Protection 
Write Protection 
Write Protection 
Write Protection 
Write Protection 
Write Protection 
Write Protection 
Write Protection 
Write Protection 
Write Protection 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
90 Turn Pinout 
90 Turn Pinout 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 


Temperature 
Range (°C) 


0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 125 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 125 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 125 
—40 to 125 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 


Package 


PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 


PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 


AGINS NOILOATSS 


NON VOLATILE MEMORIES 


EEPROM, I?C and ,MICROWIRE Serial Access Bus (cont'd) 


Vcc min Temperature 


SOINOFLDATIOUSIN 


NOSWOHI-S9S hy 


LE 


ST93C46AM6013TR 


ST93C46TM6 


ST93C46TM6013TR 


ST93C46CM6 


ST93C46CMETR 


ST93C46AM3 


ST93C46AM3013TR 


ST93C46TM3 


ST93C46TM3013TR 


ST93C46CM3 


ST93C46CM3TR 


ST93CS56B1 
ST93CS57B1 
ST93CS56B6 
ST93CS57B6 
ST93CS56B3 


ST93CS56M1 
ST93CS56M1013TR 


ST93CS57M1 


ST93CS57M1013TR 


ST93CS56M6 


ST93CS56M6013TR 


128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128x8 or 64x16 
128 x 16 
128 x 16 
128 x 16 
128 x 16 
128 x 16 
128 x 16 
128 x 16 
128 x 16 
128 x 16 
128 x 16 
128 x 16 


Dual Org, 1MHz 
90 Turn Pinout 
90 Turn Pinout 
Dual Org, iMHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
90 Turn Pinout 
90 Turn Pinout 
Dual Org, 1MHz 
Dual Org, 1MHz 
Write Protection 
Write Protection 
Write Protection 
Write Protection 
Write Protection 


Write Protection 
Write Protection 
Write Protection 
Write Protection 


—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 125 
—40 to 125 
—40 to 125 
—40 to 125 
—40 to 125 
—40 to 125 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 125 


0 to 70 
0 to 70 
—40 to 85 
—40 to 85 


PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 


Write Protection 0 to 70 
Write Protection 0 to 70 


AGINS NOILOATAS 


BE 


NON VOLATILE MEMORIES 


EEPROM, I°C and MICROWIRE Serial Access Bus (cont'd) 


eee Temperature 
cm Part Number Organisation Range (°C) Package 


AGINS NOILOATSS 


Iky 


SOINOWAIATIOUOIN 
NOSWOHL-S9S 


ST93CS57M6 
ST93CS57M6013TR 
ST93CS56M3 
ST93C56B1 
ST93C56B6 
ST93C56B3 
ST93C56M1 
ST93C56M1013TR 
ST93C56M6 
ST93C56M3 
ST93CS66B1 
ST93CS67B1 
ST93CS66B6 
ST93CS67B6 
ST93CS66B3 
ST93CSE6ML1 
ST93CS67ML1 
ST93CS66ML1013TR 
ST93CSE6ML6 
ST93CS67ML6 
ST93CSE6MLETR 
ST93CSE6ML3 
ST93CSE6ML3TR 


128 x 16 
128 x 16 
128 x 16 
256x8 or 128x16 
256x8 or 128x16 
256x8 or 128x16 
256x8 or 128x16 
256x8 or 128x16 
256x8 or 128x16 
256x8 or 128x16 
256 x 16 
256 x 16 
256 x 16 
256 x 16 
256 x 16 
256 x 16 
256 x 16 
256 x 16 
256 x 16 
256 x 16 
256 x 16 
256 x 16 
256 x 16 


Write Protection 
Write Protection 
Write Protection 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Write Protection 
Write Protection 
Write Protection 
Write Protection 
Write Protection 
Write Protection 
Write Protection 
Write Protection 
Write Protection 
Write Protection 
Write Protection 
Write Protection 
Write Protection 


—40 to 85 
—40 to 85 
—40 to 125 
0 to 70 
—40 to 85 
—40 to 125 
0 to 70 
0 to 70 
—40 to 85 
—40 to 125 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 125 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 125 
—40 to 125 


PSDIP8 
PSDIP8 
PSDIP8 


PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
SO14 
S014 
SO14TR 
S014 
SO14 
SO14TR 
S014 
SO14TR 


NON VOLATILE MEMORIES 


EEPROM, Parallel Access Bus 


Temperature Range 


thy 


SOINOLLITTIOVIIA 
NOSWOHL'S3S 


6€ 


Part Number Organisation 
(ns) 


M28C64C-150P1 
M28C64C-200P1 
M28C64C-150P6 
M28C64C-200P6 
M28C64C-150K1 
M28C64C-200K1 
M28C64C-150K6 
M28C64C-200K6 
M28C64C-150M1 
M28C64C-200M1 
M28C64C-150M6 
M28C64C-200M6 


200 
150 
200 
150 
200 
150 
200 


Icc / Stby 


30mA /100nA 
30mA / 100nA 
30mA / 100nA 
30mA / 100nA 
30mA / 100pA 
30mA / 100nA 
30mA / 100A 
30mA / 100nA 
30mA / 100pA 
30mA / 100nA 
30mA / 100nA 
30mA / 100pA 


(°C) 


0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 


Package 


PDIP28 
PDIP28 
PDIP28 
PDIP28 
PLCC32 
PLCC32 
PLCC32 
PLCC32 


AGINS NOILOATAS 


SUINGHADIATAOUIIN Ov 


NOSWOHL-SIS ELS | 


STATIC RAMs 


Part Number Organisation Icc/ Stby pa Package 
M624064-12PS1 160mA/1mA Common I/O PSDIP24 
160mA/1mA Common I/O PSDIP24 

160mA/1imA Common I/O PSDIP24 


FAST SRAM 


M624064-15PS1 

M624064-20PS1 

M624065-12PS1 160mA / 1mA With Output Enable PSDIP28 
M624065-15PS1 160mA /1mA With Output Enable PSDIP28 
M624065-20PS1 160mA / 1mA With Output Enable PSDIP28 
M624064-12E1 160mA / 1mA Common I/O SOJ24 
M624064-12E1TR 160mA / imA Common I/O SOJ24TR 
M624064-15E1 160mA / 1mA Common I/O SOJ24 
M624064-15E1TR 160mA / 1mA SOJ24TR 
M624064-20E1 160mA / 1mA SOJ24 
M624064-20E1TR 160mA / imA SOJ24TR 
M624065-12E1 160mA/1mA SOJ28 
M624065-12E1TR 160mA / imA SOJ28TR 
M624065-15E1 160mA / imA SOJ28 
M624065-15E1TR 160mA /1imA SOJ28TR 
M624065-20E1 160mA / imA SOJ28 
M624065-20E1TR 160mA/1mA SOJ28TR 
M628032-12PS1 160mA/1imA With Output Enable PSDIP28 
M628032-15PS1 160mA/1mA With Output Enable PSDIP28 
M628032-20PS1 160mA/1mA With Output Enable PSDIP28 


M628032-12E1 32K x 8 160mA / imA With Output Enable SOJ28 
M628032-12E1TR 32K x 8 160mA / 1mA With Output Enable SOJ28TR 


12 
15 
15 
20 
20 
12 
12 
15 
15 
20 


Common I/O 


Common I/O 


Common I/O 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 


AGINS NOILOATSS 


ay 


SOIMOBITTIOVOIN 
NOSWOHI-S3S 


LV 


FAST SRAM 


(cont'd) 


M628032-15E1 
M628032-15E1TR 
M628032-20E1 
M628032-20E1TR 
M624256-15E1 
M624256-15E1TR 
M624256-17E1 
M624256-17E1TR 
M624256-20E1 
M624256-20E1TR 
MG624256-25E1 
M624256-25E1TR 
M628128-15E1 
M628128-15E1TR 
M628128-17E1 
M628128-17E1TR 
M628128-20E1 
M628128-20E1TR 
M628128-25E1 
M628128-25E1TR 


256K x 4 
256K x 4 
256K x 4 
256K x 4 
256K x 4 
256K x 4 
256K x 4 
256K x 4 
128K x 8 
128K x 8 
128K x 8 
128K x 8 
128K x 8 
128K x 8 
128K x 8 
128K x 8 


160mA/imA 
160mA/1mA 
160mMA/imA 
160mMA/imA 
175mA/1mA 
175mA/1mA 
175mA/1mA 
175mA/imA 
140mA/1mA 
140mA/1mA 
130mA/1mA 
130mA/1mA 
175mA/imA 
175mA/1mA 
175mA/1mA 
175mA/1mA 
140mA/4mA 
140mA/4mA 
130mA/4mA 
130mA/4mA 


With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 


STATIC RAMs 


Package 


SOJ28 
SOJ28TR 
SOJ28 
SOJ28TR 
$OQJ28 
SOJ28TR 
$OJ28 
SOJ28TR 
SOJ28 
SOJ28TR 
SOJ28 
SOJ28TR 
SOU32 
SOJ32TR 
SOU32 
SOJ32TR 
SOJ32 
SOJ32TR 
SOJ32 
SOJ32TR 


AGINS NOILOS TSS 


ov 


ky 


SOMOULITTOUDIN 
NOSINOHL-S9S 


CACHE MEMORIES 


Part Number 


MK41S80X10 
MK41S80X10TR 
MK41S80N12 
MK41S80X12 
MK41S80X12TR 
MK41S80N15 
MK41S80X15 
MK41S80X15TR 
MK41S80N20 
MK41S80X20 
MK41S80X20TR 
MK41S80N25 
MK41S80X25 
MK41S80X25TR 
MK48S80N17 
MK48S80X17 
MK48S80X17TR 
MK48S74N20 
MK48S80N20 
MK48S74X20 
MK48S74X20TR 
MK48S80X20 
MK48S80X20TR 


Description 


Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 


STATIC RAMs 


Package 


SOJ24 
SOJ24TR 
PSDIP22 

SOJ24 
SOJ24TR 
PSDIP22 

SOQJ24 
SOJ24TR 
PSDIP22 

SOJ24 
SOJ24TR 
PSDIP22 

SOJ24 
SOJ24TR 
PSDIP28 

SOJ28 
SOJ28TR 
PSDIP28 
PSDIP28 

SOJ28 
SOJ28TR 

SOJ28 
SOJ28TR 


AGINS NOILOATSS 


STATIC RAMs: 


CACHE MEMORIES (cont'd) 


Part Number Organisation Description Package 


ky 


SONOVULIATIOUDIN 
NOSIOHL-SIS 


eV 


MK48S74N25 
MK48S80N25 
MK48S74X25 
MK48S74X25TR 
MK48S80X25 
MK48S80X25TR 
M62486ARQ8TR 
M62486ARQ9TR 
M62486RQ8 
M62486RQ9 
M62486AQ11 
M62486AQ11TR 
M62486AQ12 
M62486AQ12TR 
M62486AQ14 
M62486AQ14TR 
MK62486Q19 
MK62486Q19TR 
MK62486Q24 
MK62486Q24TR 
MK4202Q17 
MK4202Q20 
MK4202Q25 


Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Burst SRAM 
Burst SRAM 
Burst SRAM 
Burst SRAM 
Burst SRAM 
Burst SRAM 
Burst SRAM 
Burst SRAM 
Burst SRAM 
Burst SRAM 
Burst SRAM 
Burst SRAM 
Burst SRAM 
Burst SRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 
Very Fast TAGRAM 


PSDIP28 
PSDIP28 
SOJ28 
SOJ28TR 
SOJ28 
SOJ28TR 
PLCC44TR 
PLOC44TR 
PLOC44 
PLOC44 
PLOC44 
PLCC44TR 
PLOC44 
PLCC44TR 
PLOC44 
PLCC44TR 
PLOC44 
PLOC44TR 
PLOC44 
PLCC44TR 
PLCC68 
PLCC68 
PLCC68 


AGINS NOILOATAS 


vv 


ky 


SONOYLITTIOUSIN 
MOSWOHL-S9S 


BiPORT FIFO 


25 
33 
50 
25 
33 
50 
25 
35 
50 
120 
25 
35 
50 
120 
25 


MK4505MN25 
MK4505MN33 
MK4505MN50 
MK4505SN25 
MK4505SN33 
MK4505SN50 
MK45HO1N25 
MK45HO1N35 
MK45HO1N50 
MK45HO1N12 
MK45H11N25 
MK45H11N35 
MK45H11N50 
MK45H11N12 
MK45H01K25 


MK45H01K25TR 


MK45H01K35 


MK45H01K35TR 


MK45H01K50 


MK45H01K50TR 


MK45H01K12 


MK45H01K12TR 


Description 


Master FIFO 
Master FIFO 
Master FIFO 
Slave FIFO 
Slave FIFO 
Slave FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 


STATIC RAMs 


Package 


PSDIP24 
PSDIP24 
PSDIP24 
PSDIP20 
PSDIP20 
PSDIP20 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PSDIP28 
PSDIP28 
PSDIP28 
PSDIP28 
PLOC32 


PLCC32TR 


PLOC32 


PLCC32TR 


PLOC32 


PLCC32TR 


PLOC32 


PLCC32TR 


AqGINS NOILOATAS 


STATIC RAMs 


BiPORT FIFO (cont'd) 


thy 


SOMOVAITTIOVOIN 
NOSWOHL-SIS 


SP 


Part Number Organisation 


MK4501N80 
MK4501N10 
MK4501N12 
MK4501N15 
MK4501N20 
MK4501K80 
MK4501K80TR 
MK4501K10 
MK4501K10TR 
MK4501K12 
MK4501K12TR 
MK4501K15 
MK4501K15TR 
MK4501K20 
MK4501K20TR 
MK45HO2N25 
MK45HO2N35 
MK45HO2N50 
MK45HO2Ni12 
MK45H12N25 
MK45H12N35 
MK45H12N50 
MK45H12N12 


Description 


Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 


Package 


PDIP28 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PLCC32 
PLCC32TR 
PLCC32 
PLOC32TR 
PLCC32 
PLCC32TR 
PLOC32 
PLCC32TR 
PLCC32 
PLCC32TR 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PSDIP28 
PSDIP28 
PSDIP28 
PSDIP28 


AGINS NOILOA14SS 


OP 


STATIC RAMs: 


BiPORT FIFO (cont'd) 


AGind NOILOATAS 


ky 


NOSWOHI-S3S 


SHINOHLIATIOVIIN 


MK45H02K25 
MK45HO02K25TR 
MK45H02K35 
MK45HO2K35TR 
MK45HO02K50 
MK45HO2K50TR 
MK45HO02K12 
MK45H02K12TR 
MK45HO3N25 
MK45H03N35 
MK45HO3N50 
MK45H03N12 
MK45H13N25 
MK45H13N35 
MK45H13N50 
MK45H13N12 
MK45H03K25 
MK45HO3K25TR 
MK45H03K35 
MK45HO3K35TR 
MK45H03K50 
MK45HO3K50TR 
MK45H03K12 


Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast.FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 


PLCC32 
PLCC32TR 
PLCC32 
PLCC32TR 
PLCC32 
PLOC32TR 
PLCC32 
PLCC32TR 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PSDIP28 
PSDIP28 
PSDIP28 
PSDIP28 
PLCC32 
PLCC32TR 
PLCOC32 
PLCC32TR 
PLCC32 
PLCC32TR 
PLCC32 


ky 


SOOO TIOUDIN 
NCSWOHL-S9S 


Lv 


BiPORT FIFO (cont'd) 


MK4SHO3K12TR 


MK4503N80 
MK4503N10 
MK4503N12 
MK4503N15 
MK4503N20 
MK45HO4N25 
MK45H04N35 
MK45HO4N50 
MK45HO04N12 
MK45H14N25 
MK45H14N35 
MK45H14N50 
MK45H14N12 
MK45H04K25 
MK45HO04K25TR 
MK45H04K35 
MK45H04K35TR 
MK45H04K50 
MK45H04K50TR 
MK45H04K12 
MK45H04K12TR 


80 


STATIC RAMs: 


Description Package 


Very Fast FIFO PLCC32TR 


Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 


PDIP28 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PSDIP28 
PSDIP28 
PSDIP28 
PSDIP28 
PLCC32 
PLCC32TR 
PLOC32 
PLCC32TR 
PLCC32 
PLCC32TR 
PLOC32 
PLOC32TR 


AqGINS NOILOA TSS 


87 


ky 


NOSWOHL-S9S 


SOINOULOATAIOUIIN 


STATIC RAMs 


BiPORT FIFO (cont’d) 


Part Number Organisation Description 


MK45H08N25 Very Fast FIFO PDIP28 
MK45H08N35 Very Fast FIFO PDIP28 
MK45H08N50 Very Fast FIFO PDIP28 
MK45H08N12 Very Fast FIFO PDIP28 


ZEROPOWER and TIMEKEEPER 


ae tacc \ Temperature 


16K MK48C02AN15 BV +10/-5% 0 to 70 PDIP28 
MK48C02AK15 BV +10/-5% 0to 70 PLCC32 
120 


MK48Z02B12 5V +10/-5% Oto 70 PHDIP24 
MK48Z02B15 5V +10/-5% Oto 70 PHDIP24 


MK48Z02B20 5V +10/-5% Oto 70 PHDIP24 
MK48Z02B25 5V +10/-5% Oto 70 PHDIP24 
MK48212B15 5V + 10% 0 to 70 PHDIP24 
MK48Z12B20 5V+10% Oto 70 PHDIP24 
MK48Z12B25 5V + 10% Oto 70 PHDIP24 
MKI48Z02B15 5V +10/-5% —40 to 85 PHDIP24 
MkK148202B20 5V +10/-5% —40 to 85 PHDIP24 


AGINS NOILOA1SS 


SOINOHADATIOUIIN 


NOSWIOHL-SIS dky 


6P 


STATIC RAMs 


16K MK1I48Z02B25 SV +10/-5% —40 to 85 PHDIP24 
MK1I48212B15 SV +10% —40 to 85 PHDIP24 
MK1I48Z12B20 5V +10% —40 to 85 PHDIP24 
MK148212B25 SV + 10% —40 to 85 PHDIP24 
M48Z12-150PC1 SV + 10% Q to 70 PCDIP24 
MK48Z08B10 SV +10/-5% 0 to 70 PHDIP28 
MK48Z09B10 SV +10/-5% 0 to 70 PHDIP28 
MK482Z18B10 SV +10% Oto 70 PHDIP28 
MK48Z19B10 SV +10% 0 to 70 PHDIP28 
MK1I48Z18B10 oV + 10% —40 to 85 PHDIP28 
M48Z08-100PC1 SV +10/-5% PCDIP28 
M48Z09-100PC1 SV +10/-5% PCDIP28 
M48Z18-100PC1 SV + 10% PCDIP28 
M48Z19-100PC1 oV + 10% PCDIP28 


M48Z18-100MH1 BV + 10% 
PMDIP28 


i 
256K M48Z30Y-85PM1 5V + 10% 
M48Z30Y-100PM1 5V + 10% 
M48Z30-85PM1 5V +10/-5% 
M48Z30-100PM1 SV +10/-5% PMDIP28 


M48Z32-85PC1 | ee x8 SV +10/-5% 0 to 70 PCDIP28 
M48Z32-100PC1 | ee x8 SV +10/-5% 0 to 70 PCDIP28 


ZEROPOWER and TIMEKEEPER (cont'd) 


Temperature 
Range (°C) 


PMDIP28 
PMDIP28 


AGINS NOILOATAS 


OS 


NOSIWOHL-S5S ELS | 


SOINGBLIATAOUSIM 


STATIC RAMs. 


Temperature 


256K M48Z32Y-85PC1 85 5V + 10% 0 to 70 PCDIP28 
M48Z32Y-100PC1 100 5V + 10% 0 to 70 PCDIP28 
85 


M48Z128Y-85PM1 128K x 8 5V + 10% PMDIP32 
M48Z128Y-120PM1 128K x 8 120 5V + 10% PMDIP32 
M48Z128-85PM1 128K x 8 85 5V +10/-5% PMDIP32 
M48Z128-120PM1 128K x 8 120 5V +10/-5% PMDIP32 


M462128Y-85PM1 128K x 16 5V + 10% PMDIP40 
M462Z128Y-120PM1 128K x 16 5V + 10% PMDIP40 
M46Z128-85PM1 128K x 16 5V +10/-5% PMDIP40 
M46Z128-120PM1 128K x 16 5V +10/-5% PMDIP40 
M48Z256Y-85PL1 256K x 8 5V + 10% PMLDIP32 
M482Z256Y-120PL1 256K x 8 5V + 10% PMLDIP32 
M482Z256-85PL1 256K x 8 5V +10/-5% PMLDIP32 
M48Z256-120PL1 256K x 8 5V +10/-5% PMLDIP32 


ZEROPOWER and TIMEKEEPER (cont'd) 


M46Z256Y-85PM1 256K x 16 5V + 10% PMDIP40 
M462Z256Y-120PM1 256K x 16 5V + 10% PMDIP40 
M462256-85PM1 256K x 16 5V +10/-5% PMDIP40 
M462256-120PM1 256K x 16 5V +10/-5% PMDIP40 
M482512Y-85PL1 512K x 8 5V + 10% PMLDIP32 
M482512Y-120PL1 512K x8 5V + 10% PMLDIP32 
M482Z512-85PL1 512K x8 5V +10/-5% PMLDIP32 
M482512-120PL1 512K x8 5V +10/-5% PMLDIP32 


AGINS NOILOATSS 


STATIC RAMs 


ZEROPOWER and TIMEKEEPER (cont'd) 


Temperature 
Range (°C) 


Organisation Vcc Range Package 


MK41T56NO00 
MK41T56S00 
MKI41T56S00 
MKI41T56SOOTR 
MK48T87B24 


5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 


0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
0 to 70 


PSDIP8 
S08 
SO8 

SO8TR 

PHDIP24 


MK48T02B12 
MK48T02B15 
MK48T02B20 
MK48T02B25 


5V +10/-5% PHDIP24 
SV +10/-5% PHDIP24 
5V +10/-5% PHDIP24 
5V +10/-5% PHDIP24 


SDINOBAIATIOUSI 


Wy @ 
OSHOHLSSS ELS] 


MK48T12B15 
MK48T 12B20 
MK48T12B25 


5V + 10% 
5V + 10% 
5V + 10% 


PHDIP24 
PHDIP24 
PHDIP24 


LS 


M48T12-150PC1 oV + 10% Oto 70 PCDIP24 
MK48T08B10 SV +10/-5% PHDIP28 
MK48T08B15 OV +10/-5% PHDIP28 
MK48T18B10 5V + 10% PHDIP28 
MK48T18B15 5V + 10% PHDIP28 


M48T08-100PC1 8K x 8 5V +10/-5% Oto 70 PCDIP28 
5Vt eee 0 to 70 PCDIP28 


M48T18-100PC1 8K x 8 


M48T18-100MH1 | BV 10% Oto 70 SOH28 


AGINS NOILOATAS 


oG 


NOSIWOHL-S9S thy 


SOINOULIATAIOUDIM 


STATIC RAMs 
SNAPHAT Housing 


ZEROPOWER _| M4728-BROOSH1 SH28 
TIMEKEEPER _|M4T28-BR12SH1 Battery and Crystal SH28 


Temperature 
Range (°C) 


AGINS NOILOATASS 


iy 


SOMOMLITTIOUIN 
NOSWOHL-S3S 
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MEMORY BASED "? 


$T1305 192 bit EEPROM 
$T1331 208 bit EEPROM 
$T1333 288 bit EEPROM 
$T1335 272 bit EEPROM 
$T1336 208 bit EEPROM 
$T14C02C 2K bit EEPROM 
$T14C04C 4K bit EEPROM 
Note:1.Trend is larger memory, programmable functions, TRANSPORT and PIN code security. 


MICROCOMPUTER BASED 


SMARTCARD PRODUCTS. 


Feature/Application 


Low Cost, TRANSPORT code 

Anti-Tearing 

Anti-Tearing & Authentication 

Anti-Tearing & Authentication 

Anti-Tearing 

I?7C Serial Access EEPROMs, General Purpose (Health Card, Industry) 
I?7C Serial Access EEPROMs, General Purpose (Health Card, Industry) 


ST16601 Firmware security algorithm Banking 
ST16F48 High EEPROM capacity Multiservice 


ST16SF48 3V, Firmware security features Multiservice 
ST16CF54 MAP, RSA in 66ms for 51 2bit Cards (Public Key Algorithms) 
ST16KF74 MAP , DES, RSA in 17ms for 512bit Terminals (Public Key Algorithms) 


ST16LF74 MAP, RSA in 17ms for 512bit Terminals (Public Key Algorithms) 
Note: MAP = Modular Arithmetic Processor 
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SELECTION GUIDE 
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eabeyo, Ajddns 


SLONGOYd GHVOLYVINS 
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| CMOS UV EPROM 
& OTP MEMORIES 


ISA 3GS-THOMSON 


MICROELECTRONICS M27C64A 


CMOS 64K (8K x 8) UV EPROM 


=» VERY FAST ACCESS TIME: 150ns 


=» COMPATIBLE with HIGH SPEED MICROPRO- 
CESSORS, ZERO WAIT STATE 


= LOW POWER “CMOS” CONSUMPTION: 
— Active Current 30mA 
— Standby Current 100uUA 

# PROGRAMMING VOLTAGE: 12.5V 


» ELECTRONIC SIGNATURE for AUTOMATED 
PROGRAMMING 


& HIGH SPEED PROGRAMMING 
(less than 1 minute) 


DESCRIPTION 


The M27C64A is a high speed 65,536 bit UV eras- 
able and electrically programmable memory 
EPROM ideally suited for microprocessor systems 
requiring large programs. It is organized as 8,192 
by 8 bits. 


The 28 pin Window Ceramic Frit-Seal Dual-in-Line 
package has transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. Anew pattern can then be written to the 
device by following the programming procedure. 


Table 1. Signal Names 


Les Ce 


October 1993 


FDIP28W (F) 


Figure 1. Logic Diagram 


OG M27C64A 


VAQ0834B 
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Table 2. Absolute Maximum Ratings 


Ambient Operating Temperature —40 to 125 
Temperature Under Bias —50 to 125 


| Vio® | Input or Output Voltages (except AQ) 


Vio (2) 

Supply Voltage 
Vag AQ Voltage 

Vpp 


| Vee | Program Supply Voltage 


—2 to 13.5 
—2 to 14 


a 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification ts not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents 


2. Minimum DC voltage on Input or Output is -0.5V with possible undershoot to —2 OV for a period less than 20ns. Maximum DC 
voltage on Output ts Vcc +0 5V with possible overshoot to Vcc +2V for a period less than 20ns. 


Figure 2. DIP Pin Connections 


M27C64A 


VA00835 


Warning: NC = No Connection 


DEVICE OPERATION 


The modes of operation of the M27C64A are listed 
in the Operating Modes table. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on AQ for Elec- 
tronic Signature. 


Read Mode 


The M27C64A has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (teLav). Data 
is available at the output after a delay of ta_av from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-tGLav. 


Standby Mode 


The M27C64<A has a standby mode which reduces 
the active current from 30mA to 100uA. The 
M27C64A is placed in the standby mode by apply- 
ing a CMOS high signal to the E input. When inthe 
standby mode, the outputs are in a high impedance 
state, independent of the G input. 


Two Line Output Control 


Because EPROMSs are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
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DEVICE OPERATION (cont'd) 


a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMS require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 


The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 0.1uF ceramic 
Capacitor be used on every device between Vcc 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7uF bulk electrolytic capacitor should be used 
between Vcc and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 


Table 3. Operating Modes 


Output Disable ae 
cr 


Note: X = Vin or Vit, Vio = 12V + 0.5V 


Table 4. Electronic Signature 


Manufacturer’s Code 


a rr ee 
pv |X 
eee ee ae 


M27C64A 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27C64A are in the “1" 
state. Data is introduced by selectively program- 
ming ”Os" into the desired bit locations. Although 
only “Os” will be programmed, both “1s” and “Os” 
can be present in the data word. The only way to 
change a “O" to a”1" is by die exposition to ultravi- 
olet light (UV EPROM). The M27C64<A is in the 
programming mode when Vpp input is at 12.5V, and 
E and P are at TTL-low. The data to be pro- 
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. Vcc is specified to be 6V + 
0.25V. 


High Speed Programming 


The high speed programming algorithm, described 
in the flowchart, rapidly programs the M27C64A 
using an efficient and reliable method, particularly 
suited to the production programming environ- 
ment. An individual device willtake around 1 minute 
to program. 


Program Inhibit 


Programming of multiple M27C64<A in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs including G of the parallel 
M27C64A may be common. ATTL low level pulse 
applied to a M27C64<A E input, with P low and Vpp 
at 12.5V, will program that M27C64A. A high level 
E input inhibits the other M27C64A from being 
programmed. 


| Ver | @o-a7 
| Voc | Data Out_| 
| Voc | HZ 
| Ver | Data in| 
| Vee | Data Out_| 


ky 565 THOMSON 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4 to 2.4V 


Input and Output Timing Ref. Voltages 0.8 to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST meer C= 100pF 


VA00826 C, includes JIG capacitance 


VA00828 


Table 5. Capacitance “) (Ta = 25 °C, f= 1 MHz) 


Symbol Parameter Test Condition 
Input Capacitance 
Output Capacitance 


Note: 1 Sampled only, not 100% tested. 


Figure 5. Read Mode AC Waveforms 


DATA OUT 


VA00778 
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Table 6. Read Mode DC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C: Voc = 5V + 10%; Vep = Voc) 


Symbol Test Condition 
i i. Input Leakage Current OV < Vin < Voc 
are Output Leakage Current OV < Vout < Vcc 


Iu ee 
ILo a 
E= Vit, G= Vit 


| Max | 
Leone! 
[sto 

loci Supply Current (Standby) TTL E=Vin a 
Icce2 Supply Current (Standby) CMOS } 100 
| 100 

Vit Input Low Voltage Pee ll | os | 


0.3 


LA 
LA 
mA 
mA 
LA 
LA 


+10 

+10 

30 

1 

100 

100 
V Output High Voltage TTL lon = 400A a 

OH 

Output High Voltage CMOS lon = —-100UA Vcc — 0.7V on dl 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultanecusly with or after Vep 
2. Maximum DC voltage on Output ts Vcc +0.5V. 


Table 7. Read Mode AC Characteristics “) 
(Ta = 0 to 70 °C or -40 to 85 °C: Voc = 5V + 10%; Vpp = Voc) 


i 


[max | win |Max| Min | Max | Min | Max 
im [oe fPOR ecw een] fal [me] [ow = 
2 cee 
ie Pow fae [ew [fe =| fowl fol 
ree | w fase | aw [ol] [=| e |e] ofa] = 
rome fw fagusnee™ [ew [ol] [|e |e|o|l = 
Tom om fete feweew lo] fe] [ef [el [> 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously with or after Vee 
2. Sampled only, not 100% tested. 
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Table 8. Programming Mode DC Characteristics “) 
(Ta = 25 °C; Voc = 6V + 0.25V; Vpp = 12.5V + 0.3V) 


symbo_| Parameter | Testonation [win 
a a 
Tregamcuret | eave fT 
a 

7 

a 


ee 
peo 
pee 
| Vn | InputHign Vottage | 

vow | ouputrign votase Ta | tow=—aomua | 28 | 
| vo aovotge | tts tes 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics ™ 
(Ta = 25 °C; Voc = 6V + 0.25V; Vp = 12.5V + 0.3V) 


| ar | Parameter | __Test Condition 
[tes _| Address Valid to Program Low _ 
| tos_| Input vats to Program Low 


t t Chip Enable Low to 
nai; CES | Program Low 
Program Pulse Width (Initial) Re ee th 
“ ” ec: 


Program Pulse Width (Over 
Program) 
Program High to Input 
Transition 
t Input Transition to Output 
BAe foes Enable Low 
fauey Output Enable Low to 
Output Valid 
(2) Output Enable High to 
Output Hi-Z it 
Output Enable High to 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep 
2. Sampled only, not 100% tested. 
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M27C64A 


Figure 6. Programming and Verify Modes AC Waveforms 


heer 
DATA IN DATA OUT 


tQVPL 


tVPHPL 


—_= 
> t{VCHPL 7 


tQXGL 


> LPLPH 


<< PROGRAM «VERIFY. ——> 


VAGO779 


Figure 7. Programming Flowchart Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
Voc = 6V. Vpp = 12.5V programmed. The verify is accomplished with E 
and G at Vit, P at Vin, Vpp at 12.5V and Vcc at 6V. 


Electronic Signature 


The Electronic Signature mode allows the reading 
| out of a binary code from an EPROM that will 


identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 


with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27C64A. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27C64A, with 
Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from Vi- to Vin. All other address 
lines must be held at Vi_ during Electronic Signa- 
ture mode. 


Byte 0 (AO=ViL) represents the manufacturer code 

and byte 1 (AO=Vix) the device identifier code. For 

the SGS-THOMSON M27C64A, these two identi- 

Check all bytes fier bytes are given in Table 4 and can be read-out 
VA00775 on outputs Q0 to Q7. 


VCC > SV, Vpp = SV 
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ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27C64A is 
such that erasure begins when the cells are ex- 
posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave- 
lengths in the 3000-4000 A range. Research 
shows that constant exposure to room level fluo- 
rescent lighting could erase a typical M27C64A in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C64<A is to be exposed to these 
types of lighting conditions for extended periods of 


ORDERING INFORMATION SCHEME 


M27C64A_ -15 


Example: 


Sp 
-15 150 ns blank + 10% F 
-20 200 ns 
-25 250 ns 
-30 300 ns 


FDIP28W 1 


time, it is suggested that opaque labels be put over 
the M27C64A window to prevent unintentional era- 
sure. The recommended erasure procedure for 
the M27C64A is exposure to short wave ultraviolet 
light which has a wavelength of 2537 A. The inte- 
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm*. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 uW/cm? power rating. The M27C64A should 
be placed within 2.5 cm (1 inch) of the lamp tubes 
during the erasure. Some lamps have a filter on 
their tubes which should be removed before erasure. 


Temperature Range 


0 to 70°C Xx 
6 -40to 85°C 


Additional 
Burn-in 


For a list of available options (Speed, Vcc Tolerance, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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ky7z 36S, THOMSON 


M27C256B 


CMOS 256K (32K x 8) UV EPROM and OTP ROM 


ep VERY FAST ACCESS TIME: 70ns 


# COMPATIBLE with HIGH SPEED MICRO- 
PROCESSORS, ZERO WAIT STATE 


» LOW POWER “CMOS” CONSUMPTION: 
— Active Current 30mA 
— Standby Current 100uA 

= PROGRAMMING VOLTAGE: 12.75V 


=» ELECTRONIC SIGNATURE for AUTOMATED 
PROGRAMMING 


= PROGRAMMING TIMES of AROUND 38sec. 
(PRESTO II ALGORITHM) 


DESCRIPTION 


The M27C256B is a high speed 262,144 bit UV 
erasable and electrically programmable memory 
EPROM ideally suited for microprocessor systems. 
It is organized as 32,768 by 8 bits. 


The 28 pin Window Ceramic Frit-Seal Dual-in-Line 
package has a transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. Anew pattern can then be written to the 
device by following the programming procedure. 


For applications where the content is programmed 
only one time and erasure is not required, the 
M27C256B is offered in Plastic Dual-in-Line, Plas- 
tic Leaded Chip Carrier, and Plastic Thin Small 
Outline packages. 


Table 1. Signal Names 


fe | chinenae 


Supply Voltage 


October 1993 


FDIP28W (F) 


ne is 
one > ae 

bh —- yi} 

é 432 : 


PLCC32 (C) TSOP28 = (N) 


8 x 13.4mn 


Figure 1. Logic Diagram 


M27C256B 


VA00755B 
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Table 2. Absolute Maximum Ratings 


a 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. Minimum DC voltage on Input or Output is -0.5V with possible undershoot to —2.0V for a period less than 20ns. Maximum DG 
voltage on Output Is Vcc +0.5V with possible overshoot to Vcc +2V for a period less than 20ns. 


Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections 


On nO WN 


M27C256B , M27C256B 


- —- €-© 
= © 


ats ot, eS 
WN 


VA00757 


Warning: NC = No Connection, DU = Dont't Use. 


DEVICE CPERATION 


The modes of operation of the M27C256B are 
listed in the Operating Modes. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on AQ for Elec- 
tronic Signature. 


M27C256B Read Mode 


The M27C256B has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, inde- 
pendent of device selection. Assuming that the 
addresses are stable, the address access time 
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DEVICE OPERATION (cont'd) 


is equal to the delay from E to output (teLaqv). Data 
is available at the output after delay of teLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-iaLav. 


Standby Mode 


The M27C256B has a standby mode which re- 
duces the active current from 30 mA to 100pA. The 
M27C256B is placed in the standby mode by ap- 
plying a CMOS high signal to the E input. When in 
the standby mode, the outputs are in a high impeca- 
ance state, independent of the G input. 


Two Line Output Control 


Because EPROMS are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


Table 3. Operating Modes 


Output Disable 


Program 


Note: X = Vin or Vit, Vin = 12V + 0.5V 


Table 4. Electronic Signature 


Manufacturer’s Code 


een 

Vi 
Vi 
Vu 


M27C256B 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is desired from a particular memory device. 


System Considerations 


The power switching characteristics of Advance 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three sec- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
this transient current peaks is dependent on the 
Capacitive and inductive loading of the device at the 
output. The associated transient voltage peaks can 
be suppressed by complying with the two line 
output control and by properly selected decoupling 
capacitors. It is recommended that a 0.1uF ceramic 
capacitor be used on every device between Vcc 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 


Vpp Q0 - Q7 
Vcc Data Out 
Vec Hi-Z 


Vit 
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M27C256B 


AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times ~< 20ns 
Input Pulse Voltages 0.4V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST 


VA00826 C, includes JiG capacitance 


VA00828 


Table 5. Capacitance “) (Ta = 25 °C, f= 1 MHz) 


Symbol Test Condition 


Input Capacitance 
Output Capacitance 


Note: 1. Sampled only, not 100% tested. 


Table 6. Read Mode DC Characteristics “) 
(Ta = 0 to 70°C, —40 to 85°C, —40 to 105°C or -40 to 125°C; Vcc = 5V + 5% or 5V + 10%; Vepp = Voc) 


Symbol | parameter «(| ~—est@onation [win [mex | Unit 
fe tly a Input Leakage Current OV < Vin s Voc Po a +10 
Lie | Output Leakage Current OV < Vout $ Vcc aa +10 


lu 

ILo 

Eee |» [= 
| locr_| Supply Current (Standby) TL | =n || tml 
| loce | Supply Current (Standby) CMOS | E>Voo-oav | | t00 | wa 
| lee | Programcurent | reco | | t00 | 
| Mn |inputtowvotage | Two || 
| vn | inputvigh votage | | cot | 
VoH 


Output Low Voltage lo. = 2.1m pf ow Tv 
OuiputHigh Voltage TTL | tow=-tma |g || 
Output High Voltage CMOS lon = —100nA Hvec-o7v] fv 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. Maximum DC voltage on Output is Vcc +0.5V. 
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Table 7A. Read Mode AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C, —40 to 105°C or 40 to 125°C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


M27C256B 


t t Address Transition to 
eat, OH | Output Transition 


Table 7B. Read Mode AC Characteristics ™ 
(Ta = 0 to 70°C, —40 to 85°C, —40 to 105°C or —-40 to 125°C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


M27C256B 
™ a aie ae lis 


Address Valid to Output Vaid = | E=VwG=W |_| 
toe G=vmu | | 100] [120] | 150 ns_ 
toe feo] feo} | 65 | ns | 
tor_|Chip Enable Highto Output H-z | G=vu__| o | 30| 0 | 40] 0 | 50 | ns_ 
tor | 30 | 0 | 40| 0 | 50 | 
Output Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 


Figure 5. Read Mode AC Waveforms 


VALID 


| tAXQX 


fi 


tEHQZ 


fo 
a sed 


DATA OUT 
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Table 8. Programming Mode DC Characteristics “) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Symbol 
Input Leakage Current 


ao ee 


Test Condition 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics 


(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Vpp High to Chip Enable Low 
tvcs Voc High to Chip Enable Low 


Chip Enable Program Pulse Width 


taLav 


PW 
DH 
OE 
taH 


| Ait _| Parameter |__Test Condition 
Address Valid to Chip Enable Low 
Input Valid to Chip Enable Low 


oe | Ouput Eats Lowe Oupu veld 
Teme [tor | utpt abo Hgh ores Tanaon 


Chip Enable High to Input Transition 
t 


Us 

us 

Ls 

us 

105 us 

us 

us 
100 
30 


1 


| in | 
areal 
ie Fs 
ae Fe 
oar 2s 
ee 
ees Res 
eres 57 
a ae 
are a 
a os 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


DEVICE OPERATION (cont'd) 


4.7uF bulk electrolytic capacitor should be used 
between Vcc and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27C256B are in the ’1’ 


state. Data is introduced by selectively program- 
ming ’0’ into the desired bit locations. Although only 
0’ will be programmed, both ’1’ and ’0’ can be 
present in the data word. The only way to change 
a’0' to a'1’ is by die exposition to ultraviolet light 
(UV EPROM). The M27C256B is in the program- 
ming mode when Vpp input is at 12.75 V, and E is 
at TTL-low. The data to be programmed is applied 
8 bits in parallel to the data output pins. The levels 
required for the address and data inputs are TTL. 
Voc is specified to be 6.25 V + 0.25 V. 
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Figure 6. Programming and Verify Modes AC Waveforms 


tAVEL 


{DATA IN) IN ( DATA OUT ) OUT 
tQVEL a! tEHQX — 


tVPHEL 
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VA00759 


Figure 7. Programming Flowchart PRESTO Il Programming Algorithm 


PRESTO I] Programming Algorithm allows to pro- 
gram the whole array with a guaranteed margin, in 
a typical time of less than 3 seconds. Programming 
with PRESTO Il involves the application of a se- 
quence of 100s program pulses to each byte until 
a correct verify occurs. During programming and 
verify operation, a MARGIN MODE circuit is auto- 
matically activated in order to guarantee that each 
cell is programmed with enough margin. No over- 


— program pulse is applied since the verify in MAR- 
GIN MODE provides necessary margin to each 
programmed cell. 


Program Inhibit 


Programming of multiple M27C256Bs in parallel 
++Addr with different data is also easily accomplished. 
Except for E, all like inputs including G of the 
parallel M27C256B may be common. A TTL low 
level pulse applied to a M27C256B’s E input, with 
Vpp at 12.75 V, will program that M27C256B. A 
high level E input inhibits the other M27C256Bs 
from being programmed. 


Program Verify 


Check all bytes 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
Wein? _programmed. The verify is accomplished with G at 
Vit, E at Vin, Vep at 12.75V and Vcc at 6.25V. 
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Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27C256B. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27C256B, with Vcc = 
Vpp = 5V. Two identifier bytes may then be se- 
quenced from the device outputs by toggling ad- 
dress line AO from Vit to Vin. All other address lines 
must be held at Vi_ during Electronic Signature 
mode. Byte 0 (A0=ViL_) represents the manufac- 
turer code and byte 1 (AO=Vjn) the device identifier 
code. For the SGS-THOMSON M27C256B, these 
two identifier bytes are given in Table 4 and can be 
read-out on outputs QO to Q7. 


ORDERING INFORMATION SCHEME 


Example: 


M27C256B -70 X C 


ERASURE OPERATION (applies for UV EPROM) 


The erasure characteristics of the M27C256B is 
such that erasure begins when the cells are ex- 
posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave- 
lengths in the 3000-4000 Arange. Research shows 
that constant exposure to room level fluorescent 
lighting could erase a typical M27C256B in about 
3 years, while it would take approximately 1 week 
to cause erasure when exposed to direct sunlight. 
If the M27C256B is to be exposed to these types 
of lighting conditions for extended periods of time, 
it is suggested that opaque labels be put over the 
M27C256B window to prevent unintentional era- 
sure. The recommended erasure procedure for the 
M27C256B is exposure to short wave ultraviolet 
light which has wavelength 2537A. The integrated 
dose (i.e. UV intensity x exposure time) for erasure 
should be a minimum of 15 W-sec/cm?. The era- 
sure time with this dosage is approximately 15 to 
20 minutes using an ultraviolet lamp with 12000 
W/cm? power rating. The M27C256B should be 
placed within 2.5 cm (1 inch) of the lamp tubes 
during the erasure. Some lamps have a filter on 
their tubes which should be removed before era- 
sure. 


1 TR 


Sp 
70 70ns x £ 5% F  FDIP28W 1 0to 70°C X Additional 
80 80ns blank +10% B  PDIP28 3 ~40 to 125°C euinsn 
90 90ns C  PLCC32 6 —-40toss°c 386s oa 
10 100ns N  TSOP28 7 40 to 105 °C 
42 420 ns 8 x 13.4mm 
-15 150 ns 
-20 200 ns 
-25 250 ns 


For a list of available options (Speed, Vcc Tolerance, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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M87C257 
ADDRESS LATCHED 


CMOS 256K (32K x 8) UV EPROM and OTP ROM 


=» INTEGRATED ADDRESS LATCH 
=» VERY FAST ACCESS TIME: 100ns 


# COMPATIBLE with HIGH SPEED MICROPRO- 
CESSORS, ZERO WAIT STATE 


= LOW POWER “CMOS” CONSUMPTION: 
— Active Current 30mA 
— Standby Current 100A 

= PROGRAMMING VOLTAGE: 12.75V 


= ELECTRONIC SIGNATURE for AUTOMATED 
PROGRAMMING 


= PROGRAMMING TIMES of AROUND Ssec. 
(PRESTO I] ALGORITHM) 


DESCRIPTION 


The M87C257 is a high speed 262,144 bit UV 
erasable and electrically programmable memory 
EPROM. The M87C257 incorporates latches for all 
address inputs to minimize chip count, reduce cost, 
and simplify the design of multiplexed bus systems. 


The 28 pin Window Ceramic Frit-Seal Dual-in-Line 
package has a transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. Anew pattern can then be written to the 
device by following the programming procedure. 


For applications where the content is programmed 
only one time and erasure is not required, the 
M87C257 is offered in Plastic Leaded Chip Carrier, 
package. 


Table 1. Signal Names 


Chip Enable 


October 1993 


FDIP28W_ (F) PLCC32 (C) 


Figure 1. Logic Diagram 


M87C257 


VA00928B 
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Figure 2A. DIP Pin Connections Figure 2C. LCC Pin Connections 


MELD ee! M87C257 25 


2 
3 
4 
5 
6 
7 
8 
9 


— a 2 
—- oO 


WN 


VA00929 


VA00330 


AQ Voltage —2 to 13.5 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated tn the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. Minimum DC voltage on Input or Output is -0.5V with possible undershoot to —2.0V for a period less than 20ns. Maximum DC 
voltage on Output is Vcc +0.5V with possible overshoot to Vcc +2V for a period less than 20ns. 


DEVICE OPERATION Read Mode 


The modes of operation of the M87C257 are listed The M87C257 has two control functions, both of 
in the Operating Modes. A single 5V power supply which must be logically active in order to obtain 
is required in the read mode. All inputs are TTL data at the outputs. Chip Enable (E) is the power 
levels except for Vpp and 12V on AQ for Electronic control and should be used for device selection. 


Signature. Output Enable (G) is the output control and should 
2/9 7 
“a —___________ ky 8GS;THOWISON 


74 


DEVICE OPERATION (cont'd) 


be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that_the ad- 
dresses are stable (AS = Vin) or latched (AS = VIL), 
the address access time (tavav) is equal to the 
delay from E to output (teLqv). Data is available at 
the output after delay of taLav from the falling edge 
of G, assuming that E has been low and the ad- 
dresses have been stable for at least tavav-tcLav. 
The M87C257 reduces the hardware interface in 
multiplexed address-data bus systems. The pro- 
cessor multiplexed bus (ADO-AD7) may be tied to 
the M87C257’s address and data pins. No sepa- 
rate address latch is needed because _the 
M87C257 latches all address inputs when AS is 
low. 


Standby Mode 


The M87C257 has a standby mode which reduces 
the active current from 30mA to 100A (Address 
Stable). The M87C257 is placed in the standby 
mode by applying a CMOS high signal to the E 
input. When in the standby mode, the outputs are 
in a high impedance state, independent of the G 
input. 


Two Line Output Control 


Because EPROMS are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 


Table 3. Operating Modes 
Read (Latched Address) 


Read (Applied Address) 
Output Disable 


Verify 


Note. X = Vin or Vit, Vin = 12V + 0.5V 


Table 4. Electronic Signature 


Manufacturer's Code | Vu | 0 | 0 | 


a SNe a Se 
a 
A ae A I 
PetcronioSenawe [va | -(| ve | ve ~~ oes 


senate fe Ls [oka ae Lott oe seen 
oe te ee et 


M87C257 


memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is desired from a particular memory device. 


System Considerations 


The power switching characteristics of Advance 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
this transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. The associated transient voltage peaks can 
be suppressed by complying with the two line 
output control and by properly selected decoupling 
capacitors. It is recommended that a 0. 1u.F ceramic 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST aoe CL OUDE 


I 


C,; includes JIG capacitance 
VA00828 


Output Capacitance Vout = OV 


Note: 1. Sampled only, not 100% tested. 


Figure 5. Read Mode AC Waveforms 


tASHASL 
tASLGL 


tAVQV 
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DATA OUT 
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Table 6. Read Mode DC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C, —40 to 105°C or -40 to 125°C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


Symbol Test Condition 
Edler | Input Leakage Current OV < Vin $ Voc 


fie. Output Leakage Current OV < Vout $ Vcc 


E =V G= V 
tee | Supply Current lout = Aah = MHz 


Supply Current E = Vin, ASVpp = Vin, Address Switching 
encby Mie Vin, ASVpp = Vit, Address Stable 


Voc — 0.2V, ASVpp 2 Vcc - 0.2V, a 
Supply Current (Standby) Address Switching 


mi] mm 
iV | 


Icce2 


E> Vcc — 0.2V, ASVpp = Vss, 
Address Stable 


a 

ILo 

Icc 
| pp | Program Current Vpp = Vcc 
Input Low Voltage 


Input High Voltage 
Output Low Voltage lo. =2.1mA 
Output High Voltage lon =—-1mA 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. Maximum DC voltage on Output is Vcc +0.5V. 


Table 7. Read Mode AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C, —40 to 105°C or —40 to 125°C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


Fare 

wwov | treo [fitessvaisto ouput | Eve | | 400] [120] | 150] | 200 | ns | 
ee sao al ca ee 
tomar | tu [Adtess Sroperisnio | fos] [as] | as] | 50] | ne | 
jose | tu [AastessStcbeLowtoas | tao | | ao | | 20 | | | | as | 
Fuser | vor [Adsersstpetowte | ao] [af [2] | a] | ne 
[tery | toe [Sipsratigtowto | Gave | [100] fra] 150] [200 | os | 
| tawoy | toe [Suipstgrapetovte | enw | [ao] | so] [oo] | 7 | os | 
tenor | toe [Shipgrablerianto | Gav | o | a0 | 0 | 0] 0 | 40] 0 | 40 | as | 

toF 
t 


2) 
(2) Output Enable High to a 


Cc 
D 
D 
t Address Transition to E=Vi, 
me OH | Output Transition G=Vit 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vep. 
2 Sampled only, not 100% tested. 
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Table 8. Programming Mode DC Characteristics ™) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


| Parameter | Test Condition | Min 
[input Leakage Curent | Va sVwsVn | 
SuppiyCurent 
A 

Eo 


3 


[ravage Cis) 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


| att | Parameter 


| tas | Address Valid to Chip EnableLow J 
tos_| Input Valid to Chip EnableLow | 
| tvewe. | tves_| VerHightoChipenablelow | 
wert [ves [Veotigh to GhipEnabiotow 
ee 
[teox | ton | Chip Enable High to Input Transion | 
| toxc. | toes | Input Transition to Output EnabieLow | 
| tcrv | toe | OutputEnable Low to Output Vaid | 
| tcwoz | tore | Output Enable High to Output Hi-Z | 
Output Enable High to Address Transition Re eee od 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
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Figure 6. Programming and Verify Modes AC Waveforms 


ae 
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DEVICE OPERATION (cont'd) 


capacitor be used on every device between Vcc 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7uF bulk electrolytic capacitor should be used 
between Vcc and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M87C257 are in the “1" 
state. Data is introduced by selectively program- 
ming ”Os" into the desired bit locations. Although 
only “Os” will be programmed, both “1s” and “Os” 
can be present in the data word. The only way to 
change a “O" to a "1" is by die exposition to ultravi- 
olet light (UV EPROM). The M87C257 is in the 
programming mode when Vpp input is at 12.75 V, 
and E is at TTL-low. The data to be programmed 
is applied 8 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vcc is specified to be 6.25 V + 0.25 V. 


VA00557 


PRESTO Il Programming Algorithm 


PRESTO I! Programming Algorithm allows to pro- 
gram the whole array with a guaranteed margin, in 
a typical time of less than 3 seconds. Programming 
with PRESTO II involves the application of a se- 
quence of 100s program pulses to each byte until 
a correct verify occurs. During programming and 
verify operation, a MARGIN MODE circuit is auto- 
matically activated in order to guarantee that each 
cell is programmed with enough margin. No over- 
program pulse is applied since the verify in MAR- 
GIN MODE provides necessary margin to each 
programmed cell. 


Program Inhibit 


Programming of multiple M87C257s in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs including G of the parallel 
M87C257 may be common. ATTL low level pulse 
applied to a M87C257’s E input, with Vpp at 12.75 
V, will program that M87C257. Ahigh level E input 
inhibits the other M87C257s from being pro- 
grammed. 
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Figure 7. Programming Flowchart 


E=100us Pulse 


Check all bytes 
VA0O760 


Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with G at 
Vit, E at Vin, Vep at 12.75V and Vcc at 6.25V. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
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automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M87C257. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M87C257, with Vcc = Vpp 
= 5V. Two identifier bytes may then be sequenced 
from the device outputs by toggling address line AO 
from Vit to Vin. All other address lines must be held 
at Vi_ during Electronic Signature mode. Byte 0 
(A0=ViL) represents the manufacturer code and 
byte 1 (A0=Vin) the device identifier code. When 
AQ = Vip, AS need not be toggled to latch each 
identifier address. For the SGS-THOMSON 
M87C257, these two identifier bytes are given in 
Table 4 and can be read-out on outputs QO to Q7. 


ERASURE OPERATION (applies for UV EPROM) 


The erasure characteristics of the M87C257 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 Arange. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M87C257 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M87C257 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M87C257 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M87C257 is exposure to 
short wave ultraviolet light which has wavelength 
2537A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm*. The erasure time with this dos- 
age is approximately 15 to 20 minutes using an 
ultraviolet lamp with 12000 W/cm? power rating. 
The M87C257 should be placed within 2.5 cm (1 
inch) of the lamp tubes during the erasure. Some 
lamps have a filter on their tubes which should be 
removed before erasure. 


MSON 


MICROELECTREMICS 


80 


M87C257 


ORDERING INFORMATION SCHEME 


Example: M87C257 -10 X F 1 X 


Temperature Range] | Option __| 


-10 100 ns X + 5% F FDIP28W 1 Oto 70°C X Additional 
42 120ns blank + 10% C  PLCC32 3  -40 to 125°C PUD 

= TR Tape & Reel 
-20 200 ns 7 —40to 105°C 


For a list of available options (Speed, Vcc Tolerance, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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M27C512 


CMOS 512K (64K x 8) UV EPROM and OTP ROM 


ann 


FDIP28W (F) 


w VERY FAST ACCESS TIME: 60ns 


=» COMPATIBLE with HIGH SPEED MICROPRO- 
CESSORS, ZERO WAIT STATE 


» LOW POWER “CMOS” CONSUMPTION: 
— Active Current 30mA 
— Standby Current 100uA 

=» PROGRAMMING VOLTAGE: 12.75V 


a ELECTRONIC SIGNATURE for AUTOMATED 
PROGRAMMING 


= PROGRAMMING TIMES of AROUND 6sec. 
(PRESTO IIB ALGORITHM) 


DESCRIPTION 


The M27C512 is a high speed 524,288 bit UV 
erasable and electrically programmable EPROM 
ideally suited for applications where fast turn- 
around and pattern experimentation are important 
requirements. Its is organized as 65,536 by 8 bits. 
The 28 pin Window Ceramic Frit-Seal Dual-in-Line 
package has transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. Anew pattern can then be written to the 
device by following the programming procedure. 
For applications where the content is programmed 
only one time and erasure is not required, the 
M27C512 is offered in Plastic Dual-in-Line, Plastic 
Thin Small Outline and Plastic Leaded Chip Carrier 
packages. 


Table 1. Signal Names 


October 1993 


TSOP28 (N) 
8 x 13.4mm 


Figure 1. Logic Diagram 


M27C512 


VA00761B 
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Table 2. Absolute Maximum Ratings “ 


vane oe 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. Minimum DC voltage on Input or Output is -0.5V with possible undershoot to —2.0V for a period less than 20ns. Maximum DC 
voltage on Output is Vcc +0.5V with possible overshoot to Vcc +2V for a period less than 20ns. 


Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections 


M27C512 


M27C512 


VA00762 


VA007635 


Warning: NC = No Connection, DU = Don’t Use 


DEVICE OPERATION 


The modes of operations of the M27C512 are listed 
in the Operating Modes table. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for GVpp and 12V on AQ for 
Electronic Signature. 


Read Mode 
The M27C512 has two control functions, both of 
ne which must be logically active in order to obtain 


data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output contro! and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 


is equal to the delay from E to output (teLav). Data 
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DEVICE OPERATION (cont'd) 


is available at the output after a delay of taLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-tGLav. 


Standby Mode 


The M27C512 has a standby mode which reduces 
the active current from 30mA to 100uA The 
M27C512 is placed in the standby mode by apply- 
ing a CMOS high signal to the E input. When in the 
standby mode, the outputs are in a high impedance 
state, independent of the GVpp input. 


Two Line Output Control 


Because EPROMs are usually used in larger mem- 
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


Table 3. Operating Modes 


Read 


Output Disable — 


Standby eo 
Electronic Signature ae 


Note: X = Vin or Vit, Vio = 12V + 0.5V 


Table 4. Electronic Signature 


Manufacturer’s Code 


nose te 
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System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
Capacitive and inductive loading of the device at the 
output. The associated transient voltage peaks 
can be suppressed by complying with the two line 
output control and by properly selected decoupling 
capacitors. It is recommended that a 0.1uF ce- 
ramic capacitor be used on every device between 
Vcc and Vss. This should be a high frequency 
capacitor of low inherent inductance and should be 
placed as close to the device as possible. In addi- 
tion, a 4.7uF bulk electrolytic capacitor should be 
used between Vcc and Vss for every eight devices. 
The bulk capacitor should be located near the 
power supplyconnection point.The purpose of the 
bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of PCB traces. 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27C512 are in the ’1’ 
state. Data is introduced by selectively program- 
ming ’0’ into the desired bit locations. Although only 
0’ will be programmed, both ’1’ and ’0’ can be 
present in the data word. The only way to change 
a ‘0’ to a1’ is by die exposure to ultraviolet light 
(UV EPROM). The M27C5i2 is in the program- 
ming mode when Vpp input is at 12.75V and E is at 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST C_ =100pF 


I 


C, includes JIG capacitance 
VA00828 


Symbol 
Input Capacitance 
Output Capacitance 


Note. 1. Sampled only, not 100% tested. 


Table 6. Read Mode DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vec = 5V + 5% or 5V + 10%; Vpp = Voc) 


Symbol Test Concition 


Input Leakage Current OV < Vin S$ Vcc 
Output Leakage Current OV < Vout S$ Vcc 
CC 


Tir [Pegamcuret |r Voe 
wu [patton vote 
vin? [ nputigh tage 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. Maximum DC voltage on Output is Voc +0.5V. 
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Table 7A. Read Mode AC Characteristics “™ 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 5% or 5V + 10%; Vepp = Voc) 


_ | me 


iin | Max | Min | Max | Min | Max | Min | Max 
[mov | vee [Sigaris”® —[esveSeve]| fo] [rm] [eo] | oo 
oem’ | =m | fo] 

jtwov | ve [Beeriagetor’ | ew | fo] fa] fol [ofa 
Sieiee we | sem |e [asfo|m]o || ofa] 
coc | ww (Sapam | Ew fo |as| o || om] 0 || me 
[too | i [Seutiaamen” [Eves-v] ©] fo] fe] [el [m 


Table 7B. Read Mode AC Characteristics “) 
M27C512 


(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 5% or 5V + 10%; Vep = Voc) 
to | 2 | 15/20/25 


| | 
in | Max 


Max 
| tavav_| tuoc [Address Valid to Output Vaid | E=VurG=ve| | 100| | 120| | 150 ns | 
| teiav | toe |Chip Enable LowtoOutputvaid |  G=v. | [100] [120/150 ns 
| taav_| toe |OutputenableLowtoOutputvaid | E=ve | | 4o{ | s0| | 60 | ns | 
[tevez | tor |Chip Enable High toOutputHiz | G=vi__| 0 | a0 | 0 | 40 | 0 | 50 | ns 
[teioz | tor [Output Enable High to OuiputHiz | E=ve| 0 | 30 | 0 | 40 | 0 | 50 | as | 


sii eesiae” ewdemjo] Jol fol [a 


Notes. 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 


Test Condition 


Test Condition 


mI} @) mt} @ 
nopu pu da 


Figure 5. Read Mode AC Waveforms 


Hi-Z 
DATA OUT 
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Table 8. Programming Mode DC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Parameter 
| lee | ProgramCurent =| E 
ee! 


Vit 


Tr pt tig tags 
[ve [asvetge 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


Table 9. MARGIN MODE AC Characteristics “) 
(Ta = 25 °C; Vcc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


| Symbol | ait | Parameter 
[tase _| VAS Hi 


Test Condition | Min _ 
taso_|_VA9 High to Ver High a ae 
Vpp High to Chip Enable Low i te 


i a 
Paes 
os 

| texavox | tano | Chipnable TransttiontovatoTranstion | | a | ns 
Loe! 
ae 


Chip Enable Transition to Vep Transition | | 
Vee Transition to VAS Transition fs ee 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


Table 10. Programming Mode AC Characteristics “) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 
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Figure 6. MARGIN MODE AC Waveforms 


Voc 


A& ee 


AQ 
tASHVPH 
GVpp 
iVPHEL 
E 
tA1TOHEH 
AlO Set 
AlO Reset 
tA1TOLEH 


Note: A8 High level = 5V; A9 High level = 12V. 


Figure 7. Programming and Verify Modes AC Waveforms 


tAVEL 


oe ee ee 


tVCHEL 


> tELEH 


=| =F 


 LVPXAQX 
tEXVPX 


tEXA10X 


ima 


dea 
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tEHAX 


tEHQZ 
tELQV 


PROGRAM ee VERIFY 
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Figure 8. Programming Flowchart 


SET MARGIN MODE 


++Addr 


RESET MARGIN MODE 
Vec = 5, Vop = 5V, Check all bytes 
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DEVICE OPERATION (cont'd) 


TTL-low. The data to be programmed is applied 8 
bits in parallel to the data output pins. The levels 
required for the address and data inputs are 
TTL. Vcc is specified to be 6.25V + 0.25V. 


The M27C512 can use PRESTO IIB Programming 
Algorithm that drastically reduces the programming 
time (typically less than 6 seconds). Nevertheless 
to achieve compatibility with all programming 
equipments, PRESTO Programming Algorithm can 
be used as well. 


PRESTO IIB Programming Algorithm 


PRESTO IIB Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
margin, in a typical time of less than 7 seconds. 
This can be achieved with SGS-THOMSON 
M27C512 due to several design innovations de- 
scribed in the M27C512 datasheet to improve pro- 
gramming efficiency and to provide adequate 
margin for reliability. Before starting the program- 


ming the internal MARGIN MODE circuit is set in 
order to guarantee that each cell is programmed 
with enough margin. Then a sequence of 100us 
program pulses are applied to each byte until a 
correct verify occurs. No overprogram pulses are 
applied since the verify in MARGIN MODE provides 
the necessary margin. 


Program Inhibit 


Programming of multiple M27C512s in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs including GVpp of the parallel 
M27C512 may be common. A TTL low level pulse 
applied toa M27C512’s E input, with Vpp at 12.75V, 
will program that M27C512. A high level E input 
inhibits the other M27C512s from being pro- 
grammed. 


Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with G at 
Vit. Data should be verified with teLav after the 
falling edge of E. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27C512. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AY of the M27C512. Two identifier 
bytes may then be sequenced from the device 
outputs by toggling address line AO from Vit to Vin. 
All other address lines must be held at Vit during 
Electronic Signature mode. 


Byte 0 (A0=ViL) represents the manufacturer code 
and byte 1 (AO=Vin) the device identifier code. For 
the SGS-THOMSON M27C512, these two identi- 
fier bytes are given in Table 4 and can be read-out 
on outputs QO to Q7. 


ERASURE OPERATION (applies for UV 
EPROM) 


The erasure characteristics of the M27C512 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 A range. 
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Research shows that constant exposure to room 
level fluorescent lighting could erase a typical 
M27C512 in about 3 years, while it would take 
approximately 1 week to cause erasure when ex- 
posed to direct sunlight. If the M27C512 is to be 
exposed to these types of lighting conditions for 
extended periods of time, it is suggested that 
opaque labels be put over the M27C512 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27C512 is exposure to 


ORDERING INFORMATION SCHEME 


M27C512 


Example: 


Sp 
-60 60 ns X + 5% F 
-70 70 ns blank + 10% B 
-80 80 ns C 
-90 90 ns N 
-10 100 ns 
-12 120 ns 
-15 150 ns 
-20 200 ns 
-25 250 ns 


-70 X C 


M27C512 


short wave ultraviolet light which has wavelength 
2537 A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm®. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi- 
olet lamp with 12000 upW/cm? power rating. The 
M27C512 should be placed within 2.5 cm (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re- 
moved before erasure. 


1 TR 


Temperature Range 


FDIP28W 1 Oto70°C X Additional 
PDIP28 3 -40to 125°C Bum-in 

P TR ~~ Tape & Reel 
PLCC32 6 -40to 85°C Packing 


TSOP28 
8 x 13.4mm 


For a list of available options (Speed, Vcc Tolerance, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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LOW VOLTAGE CMOS 512K (64K x 8) OTP ROM 


» LOW VOLTAGE READ OPERATION 
— Vcc Range: 3V to 5.5V (Ta= 0 to 70°C) 
— Vcc Range: 3.2V to 5.5V (Ta = —40 to 85°C) 
# ACCESS TIME: 120, 150 and 200ns 
» LOW POWER "CMOS" CONSUMPTION: 
— Active Current 10mA 
— Standby Current 10uA 
=» PROGRAMMING VOLTAGE: 12.75V 


= PROGRAMMING TIMES of AROUND 6sec. 
(PRESTO IIB ALGORITHM) 


= M27V512 is PROGRAMMABLE as M27C512 
with IDENTICAL SIGNATURE 


DESCRIPTION 


The M27V512 is a low voltage, low power 512K 
One Time Programmable ROM ideally suited for 
applications where fast turn-around and pattern 
experimentation are important requirements. Its is 
organized as 524,288 by 8 bits. 


The M27V512 operates in the read mode with a 
supply voltage as low as 3V (3.2V between —40 to 
85°C). The decrease in operating power allows 
either a reduction of the size of the battery or an 
increase in the time between battery recharges. 
The M27V512 can also be operated as a standard 
512 EPROM (similar to M27C512) with a 5V power 
supply . 

For equipment requiring a surface monted, low 
profile package, theM27V512 is offered in Plastic 
Leaded Chip Carrier and Plastic Thin Small Outline 
packages. 


Table 1. Signal Names 


es Ce 


October 1993 


C 
be x 
\ ee 


ays ae qi? 
\ rade 
ait! 


PLCC32 (K) 


TSOP28 (N) 
8 x 13.4mm 


Figure 1. Logic Diagram 
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Figure 24. LCC Pin Connections 


M27V512 25 
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Warning: NC = No Connection, DU = Don’t Use. 


Table 2. Absolute Maximum Ratings “) 


Figure 2B. TSOP Pin Connections 


M27V512 


: 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 


2. Minimum DC voltage on Input or Output is -0.5V with possible undershoot to -2.0V for a period less than 20ns. Maximum DC 
voltage on Output Is Vcc +0.5V with possible overshoot to Vcc +2V for a period less than 20ns. 


DEVICE OPERATION 


The modes of operations of the M27V512 are listed 
in the Operating Modes table. A single 5V power 
Supply is required in the read mode. All inputs are 
TTL levels except for GVpp and 12V on AQ for 
Electronic Signature. 


Read Mode 


The M27V512 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 


Output Enable (G) is the output control and should 
be used to gate data to the output pins, inde- 
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DEVICE OPERATION (Cont'd) 


pendent of device selection. Assuming that the 
addresses are stable, the address access time 
(tavav) is equal to the delay from E to output (teLav). 
Data is available at the output after a delay of teLav 
from the falling edge of G, assuming that E has 
been low and the addresses have been stable for 
at least tavav-taLav. 


Standby Mode 


The M27V512 has a standby mode which reduces 
the active current from 10mA to 10pA with low 
voltage operation Vcc < 3.2V (80mA to 100A with 
a supply of 5.5V), see Read Mode DC Charac- 
teristics Table for details. The M27V512 Is placed 
in the standby mode by applying a CMOS high 
signal to the E input. When in the standby mode, 
the outputs are in a high impedance state, inde- 
pendent of the GVpp input. 


Two Line Output Control 


Because OTP ROMS are often used in larger mem- 
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 


Table 3. Operating Modes 


oe 


Vit 
Standby 
Electronic Signature 


Note: X = Vin or Vit, Vin = 12V + 0.5V 


Table 4. Electronic Signature 


Manufacturer’s Code 


Device Code 


M27V512 


device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS OTP ROMS require careful decoupling of 
the devices. The supply current, Icc, has three 
segments that are of interest to the system de- 
signer: the standby current level, the active current 
level, and transient current peaks that are pro- 
duced by the falling and rising edges of E. The 
magnitude of the transient current peaks is de- 
pendent on the capacitive and inductive loading of 
the device at the output. The associated transient 
voltage peaks can be suppressed by complying 
with the two line output control and by properly 
selected decoupling capacitors. It is recom- 
mended that a 0.1i:.F ceramic capacitor be used on 
every device between Vcc and Vss. This should be 
a high frequency capacitor of low inherent induc- 
tance and should be placed as close to the device 
as possible. In addition, a 4.7j1F bulk electrolytic 
capacitor should be used between Vcc and Vss for 
every eight devices. The bulk capacitor should be 
located near the power supplyconnection 
point. The purpose of the bulk capacitor is to over- 
come the voltage drop caused by the inductive 
effects of PCB traces. 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4 to 2.4V 


Input and Output Timing Ref. Voltages 0.8 to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST C; =100pF 


a 


C, includes JIG capacitance 


VA00826 


VA00828 


Table 5. Capacitance “) (Ta = 25 °C, f = 1 MHz) 


Note: 1. Sampled only, not 100% tested. 


Table 6. Read Mode DC Characteristics “ 
(Ta = 0 to 70 °C; Vcc = 8V to 5.5V unless specified; Vpp = Vcc) 
(Ta = —40 to 85 °C; Vcc = 3.2V to 5.5V unless specified; Vpp = Vcc) 


i 
Tu [pet teatage cures [evs VwsVen 
The [output teskage Curent | ov VorrsVer 


E=Vit, G= Vit, lout = OmA, 
f = 5MHz, Vcc < 3.2V 
Supply Current — — 
E=Vit, G= Vit, lout = OMA, 
f = 5MHz, Vcc = 5.5V 


| Min 

ae 

_ 

Pe fame [tee 
| | E>Vec-0.2vVecssav | 

ae 

| 03 | 

Let 

=a a 

Eas 


I 
ILo 
Icc 
L 
Supply Current (Standby) E > Vcc — 0.2V, Vcc $ 3.2V 
ee CMOS 
E > Vcc — 0.2V, Voc = 5.5V 
4 2) 
OL 
OH 


nae 
A 0 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. Maximum DC voltage on Output is Vcc +0.5V. 
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Table 7. Read Mode AC Characteristics 
(Ta = 0 to 70 °C; Vcc = 8V to 5.5V unless specified; Vpp = Vcc) 
(Ta = —40 to 85 °C; Vcc = 3.2V to 5.5V unless specified; Vpp = Vcc) 


T 
“ i 


Output Enable High to Output Hi 


Address Transition to E- = 
Output Transition E= Vi, G= Vit Zz P| as 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep. 
2. Sampled only, not 100% tested. 


M27V512 


Test Condition 


Figure 5. Read Mode AC Waveforms 


AO-A15 ) VALID | 


tAVQV 


DATA OUT 


(“ara 
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Table 8. Programming Mode DC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Symbol “_TestGondition | Min__| 
Input Leakage Curent | VusVwsVm | | tO TA 


i ie 

ee ae ae 

ic Prputtow tage Side 
a | 
[Vor Pouputtowvetage | teezine id e 
[von [Oupetrigh votageT | ew=—aona fee | | 
FO 


Table 9. MARGIN MODE AC Characteristics “ 
(Ta = 25 °C; Vcc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Ver High to Chip Enable Low 
VA10 High to Chip Enable High (Set) 


VA10 Low to Chip Enable High (Reset) 
Chip Enable Transition to VA10 Transition 


Table 10. Programming Mode AC Characteristics ™ 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


| symbol | ait | Parameter | Test Condition | Min 
| twa | tas | Address Valid to Chip EnableLow | 
| tov | tos _| input Valid to Chip enabletow | 
tvcHEL Voc High to Chip Enable Low Los 
tr | toss | Ver higho Chip Enable Low | 
| tvewen | tear | VepRisoTime | 
| tec | tw | Chip Enable Program Pulse Width (intial) || 
| tenox | ton | Chip Enable High to Input Transition | 
a 

Peo 

el 

ares 

eed 


Pw 

{DH 
va 

tov 

taH 


toFP Chip Enable High to Output Hi-Z 
| tan Chip Enable High to Address Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 


| teav | tov Chip Enable Low to Output Valid 
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Figure 6. MARGIN MODE AC Waveforms 


tASHVPH tVPXAQX 


IVPHEE 


tA1OHEH —t tEXA10X 
— 


A10 Set 


A1l0 Reset 


tA10LEH has 
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Note: A8 High level = 5V; AQ High level = 12V. 


Figure 7. Programming and Verify Modes AC Waveforms 
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Figure 8. Programming Flowchart 


SET MARGIN MODE 


RESET MARGIN MODE 
Vec = 5V, Vpp = 5\V, Check all bytes 
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Programming 


The M27V512 has been designed to be fully com- 
patible with the M27C512. As aresult the M27V512 
can be programmed as the M27C512 on the same 
programmers applying 12.75V on Vpp and 6.25V 
on Vcc. The M27V512 has the same electronic 
signature and uses the same PRESTO IIB algo- 
rithm. 


When delivered, all bits of the M27V512 are in the 
“{" state. Data is introduced by selectively pro- 
gramming "Os" into the desired bit locations. Al- 
though only “Os” will be programmed, both “1s” and 
“Os” can be present in the data word. The M27V512 
is in the programming mode when Vpp input is at 
12.75V and E is at TTL-low. The data to be pro- 
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address 
and data inputs are TTL. Vcc is specified to be 
6.25V + 0.25V. 


The M27V512 uses the PRESTO IIB Programming 
Algorithm that drastically reduces the programming 
time (typically less than 6 seconds). Nevertheless 
to achieve compatibility with all programming 
equipments, PRESTO Programming Algorithm can 
be used as well. 


PRESTO IIB Programming Algorithm 


PRESTO IIB Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
margin. in around 6 seconds. This can be achieved 
with SGS-THOMSON M27V512 due to several 
design innovations to improve programming effi- 
ciency and to provide adequate margin for reliabil- 
ity. Before starting the programming the internal 
MARGIN MODE circuit is set in order to guarantee 
that each cell is programmed with enough margin. 
Then a sequence of 100us program pulses are 
applied to each byte until a correct verify occurs. 
No overprogram pulses are applied since the verify 
in MARGIN MODE provides the necessary margin. 


Program Inhibit 


Programming of multiple M27V512s in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs including GVpp of the parallel 
M27V512 may be common. A TTL low level pulse 
applied to a M27V512’s E input, with Vpp at 12.75V, 
will program that M27V512. A high level E input 
inhibits the other M27V512s from being pro- 
grammed. 


Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with G at 
Vit. Data should be verified with teLav after the 
falling edge of E. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27V512. To activate this mode, the 
programming equipment must apply a Supply Volt- 
age Vcc of 5V and force 11.5V to 12.5V on address 
line AQ of the M27V512. 


Two identifier bytes may then be sequenced from 
the device outputs by toggling address line AO from 
Vit to Vin. All other address lines must be held at 
Vit during Electronic Signature mode. Byte 0 
(AO=ViL) represents the manufacturer code and 
byte 1 (AQ=Vin) the device identifier code. For the 
SGS-THOMSON M27V512, these two identifier 
bytes are given in Table 4 and can be read-out on 
outputs Q0 to Q7. 


Note that the M27V512 and the M27C512 have the 
same identifier bytes. 
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ORDERING INFORMATION SCHEME 


Example: M27V512 -120 K 1 TR 


Temperature Range 


-120 120 ns K PLCC32 1 Oto 70°C TR = Tape & Reel 
150 150ns N  TSOP28 6 -40to 85°C Pacning 
200 200 ns 8x13.4mm 


For a list of available options (Speed, Package, Temperature Range, etc...) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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M27C1001 


CMOS 1 Megabit (128K x 8) UV EPROM and OTP ROM 


=» VERY FAST ACCESS TIME: 60ns 


» COMPATIBLE with HIGH SPEED MICROPRO- 
CESSORS, ZERO WAIT STATE 


# LOW POWER "CMOS" CONSUMPTION: 
— Active Current 30mA 
— Standby Current 100A 

m PROGRAMMING VOLTAGE: 12.75V 

x ELECTRONIC SIGNATURE for AUTOMATED 
PROGRAMMING 


= PROGRAMMING TIMES of AROUND 12sec. 
(PRESTO II ALGORITHM) 


DESCRIPTION 


The M27C1001 is a high speed 1 Megabit UV 
erasable and electrically programmable memory 
EPROM ideally suited for microprocessor systems 
requiring large programs. It is organized as 
131,072 by 8 bits. 


The 32 pin Window Ceramic Frit-Seal Dual-in-Line 
and Leadless Chip Carrier packages have trans- 
parent lids which allow the user to expose the chip 
to ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow- 
ing the programming procedure. For applications 
where the content is programmed only one time 
and erasure is not required, the M27C1001 is 
offered in both Plastic Dual-in-Line, Plastic Leaded 
Chip Carrier and Plastic Thin Small Outline pack- 
ages. 


Table 1. Signal Names 
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October 1993 
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LOCC32W (L) 


FDIP32W (F) 


Sy ee 
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% oe 
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TSOP3z2 (N) 
8 x 20mm 


PLCC32 (C) 


Figure 1. Logic Diagram 
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Figure 2A. DIP Pin Connections 
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Warning: NC = No Connection. 


Figure 2C. TSOP Pin Connections 


M27C1001 
(Normal) 


VAO1151 


Note: This is advance information on a new product now in 
development Details are subject to change without notice. 


DEVICE OPERATION 


The modes of operation of the M27C 1001 are listed 
in the Operating Modes table. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on AQ for Elec- 
tronic Signature. 
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Figure 2B. LCC Pin Connections 


M27C1001 
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Warning: NC = No Connection. 


Read Mode 


The M27C1001 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (teLqv). Data 
is available at the output after a delay of teLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-taLav. 


Standby Mode 


The M27C1001 has a standby mode which re- 
duces the active current from 30mA to 100A. The 
M27C1001 is placed in the standby mode by ap- 
plying a CMOS high signal to the E input. When in 
the standby mode, the outputs are in a high imped- 
ance state, independent of the G input. 


Two Line Output Control 


Because EPROMs are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line contro! function 
allows : 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


SON 


M 
MICROELECTRONICS 


104 


Table 2. Absolute Maximum Ratings ™ 


Ambient Operating Temperature —40 to 125 Le 
Temperature Under Bias —50 to 125 Fee | 
Storage Temperature —65 to 150 a 
} Vee | Program Supply Voltage —2 to 14 ear ae 


M27C1001 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated tn the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 


2. Minimum DC voltage on Input or Output is —0.5V with possible undershoot to —2.0V for a period less than 20ns. Maximum DC 
voltage on Output Is Vcc +0.5V with possible overshoot to Vcc +2V for a period less than 20ns. 


Table 3. Operating Modes 


poe | Pf ao ve | 0-7 


Data Out 
Output Disable 
Program |e | |e Pulse |X | Vee | ata in 


Verify 


Standby 


Note: X = Vin or Vit, Vio = 12V + 0.5V 


Table 4. Electronic Signature 


Manufacturer's Code So a 


DEVICE OPERATION (cont'd) 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


| __tdentiter | ao_| a7 | a6 | as | a4 | as | a2 | at | ao | Hexdata 
Reece 
jdevicecoae | vw | o | o | o | o | of + fo ft | om | 


pe | Me Xe ata ut 


Program Inhibit pa a a Se 


a ee 
Electronic Signature 


po | o | o | ah | 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4 to 2.4V 


Input and Output Timing Ref. Voltages 0.8 to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 
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TEST ee Cy =100pr 


Aa 


VA00826 C, includes JIG capacitance 


VA00828 


Table 5. Capacitance “) (Ta = 25 °C, f= 1 MHz) 


Symbol 


Input Capacitance 
Court Output Capacitance 


Note: 1. Sampled only, not 100% tested. 


Table 6. Read Mode DC Characteristics ™ 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


iL ae Input Leakage Current OV <Vin< Vcc 
Output Leakage Current OV < Vout $ Vcc 


aie 
Tio [ouput tadape cure | ovevaneves | 
ee ce 
ee — 
oee, 


lect Supply Current (Standby) TTL 
Supply Current (Standby) CMOS E > Vcc - 0.2V 


hu 

ILo 

loc 
| tee _| Program Current 
input Low Voltage ee ee ee 
Input High Voltage 
Vou 


Output Low Voltage lo. = 2.1mMA a oe ee 
Output High Voltage TTL lon = 400A 
Output High Voltage CMOS lon = —100nA 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Maximum DC voltage on Output is Vec +0 5V. 
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Table 7A. Read Mode AC Characteristics 
(Ta = 0 to 70 °C, -40 to 85 °C or —40 to 125 °C; Voc = 5V + 5% or 5V + 10%; Vep = Voc) 


M27C1001 
Symbol Parameter 


-70 
er leweul le] || lo] [ols 


| 60 | 80 | 90 | 
[in | Max | Min | Max | Min | Max | Min | Max | 
Chip Enable Low to a 7 || 90 | ns | 


teLav 'cE | Output Valid Gs | | 60 | 0 BE 

Fea Pe feereese™ [ew [Tw [ [| [wl fu Pm 
290 LU noone. 
=e kage [ex Tels] [ moa [o[ am 
rons [or esteem |ececena]o] To] Tel Tol bo 


Table 7B. Read Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 5V + 5% or 5V + 10%; Vpp = Voc) 


M27C1001 
Parameter 


| to | 12 | 157-207-25 
[in | Max | Min | tax | min | Max 
| tavav_| taco [Address Valid to OutputVaid | E=ViG=Vul [too] | 120] | 150 ns | 
[Chip Enable Low to Outputvaid_|  G=vu |__| roo [| zo| | 150 | ns __ 
[Output Enable Low to Output Valid] E=ve | | so | | eo | | 65 | ns 
( 


i 

i 
few [te Seta Died te | goth ek La 
Output Enable High to OutputHiZ|_E=Vi_|_o | 30 | o | 40 | o | 50 | ns_ 


Address Transition to = =; 
Output Transition eee fo] fof fol fw 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 


Test Condition 


Test Condition 


Figure 5. Read Mode AC Waveforms 


Hi-Z 
DATA OUT 


VA00715 
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Table 8. Programming Mode DC Characteristics ’) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


[symbot | Pavemeter | Testonation [win 
Ty | rpattzntage Curent | Wusvnsve [| 
ae co ae a 
i oie | ee | 
[va [patton vonage iP dC 
i a 
ee ene 
i. 


a 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep. 


Table 9. Programming Mode AC Characteristics “ 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Tat [Parameter | Testconation 
Tus [rears Vaid Pmpantow | 
Tos | it vaistProgamtew | 
wren | tre | VetighioProgam iow | 

. ree: 


Vcc High to Program Low 


t t Chip Enable Low to 
ss CES | Program Low 


Program Pulse Width ee! 
Program High to Input 
[toe | tm | Rouamtaheme 
t Input Transition to Output 
ener fo&s_ | Enable Low 


t Output Enable Low to 
hey Output Valid 
omer 
t t Output Enable High to 
GHAX AH Address Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 
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Figure 6. Programming and Verify Modes AC Waveforms 
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DEVICE OPERATION (cont'd) 


The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 0.1uF ceramic 
capacitor be used on every device between Vcc 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7uF bulk electrolytic capacitor should be used 
between Vcc and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 


VA00714 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27C1001 are in the ’1’ 
state. Data is introduced by selectively program- 
ming ’0’ into the desired bit locations. Although only 
0’ will be programmed, both ’1’ and ’0’ can be 
present in the data word. The only way to change 
a’0’ to a’1’ Is by die exposition to ultraviolet light 
(UV EPROM). The M27C1001 is in the program- 
ming mode when Vpp input is at 12.75V, and E and 
P are at TTL-low. The data to be programmed is 
applied 8 bits in parallel to the data output pins. The 
levels required for the address and data inputs are 
TTL. Voc is specified to be 6.25V + 0.25V. 
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Figure 7. Programming Flowchart 


P=100us Pulse 


++ Addr 


Check all Bytes 
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PRESTO Il Programming Algorithm 


PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 12 seconds. Programming with 
PRESTO II involves in applying a sequence of 
100us program pulses to each byte until a correct 
verify occurs. During programming and verify oper- 
ation, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro- 
gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro- 
grammed cell. 


Program Inhibit 


Programming of multiple M27C1001s in parallel 
with different data is also easily accomplished. 
Except for E, all like inputs including G of the 
parallel M27C1001 may be common. A TTL low 
level pulse applied to a M27C1001’s E input, with 
P low and Vpp at 12.75V, will program that 
M27C1001. Ahigh level E input inhibits the other 
M27C1001s from being programmed. 


Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with E 
and G at Vit, P at Vin, Vep at 12.75V and Vcc at 
6.25V. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27C1001. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27C1001, with 
Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from Vit to Vin. All other address 
lines must be held at Vi_ during Electronic Signa- 
ture mode. 


Byte 0 (A0=ViL) represents the manufacturer code 
and byte 1 (AO=Vjx) the device identifier code. For 
the SGS-THOMSON M27C1001, these two identi- 
fier bytes are given in Table 4 and can be read-out 
on outputs Q0 to Q7. 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27C1001 is 
such that erasure begins when the cells are ex- 
posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave- 
lengths in the 3000-4000 A range. Research 
shows that constant exposure to room level fluo- 
rescent lighting could erase a typical M27C1001 in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C 10071 is to be exposed to these 
types of lighting conditions for extended periods of 
time, itis suggested that opaque labels be put over 
the M27C1001 window to prevent unintentional 
erasure. The recommended erasure procedure for 
the M27C1001 is exposure to short wave ultraviolet 
light which has a wavelength of 2537 A. The inte- 
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm?. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 uW/cm? power rating. The M27C1001 
should be placed within 2.5 cm (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 
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ORDERING INFORMATION SCHEME 


Example: M27C1001 -70 X C 1 TR 


Sp 
-60  60ns x + 5% F  FDIP32W 1 0to70°C X Additional 
70 70ns blank  +10% B - PDIP32 3 -40to 125°C oka 
80 80ns C  PLCC32 6 —otosscc = TA BPE Hee’ 
-90 90 ns L Lecc32w 
-10 100 ns N TSOP32 
42 120ns Sean 
145  150ns 
-20 200 ns 
-25 250 ns 


For a list of available options (Speed, Vcc Tolerance, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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ky 363 THOMSON M27V101 


LOW VOLTAGE CMOS 
1 Megabit (128K x 8) UV EPROM and OTP ROM 


= LOW VOLTAGE READ OPERATION 

— Vcc Range: 8V to 5.5V (Ta = 0 to 70°C) 

— Voc Range: 3.2V to 5.5V (Ta = 40 to 85°C) 
= ACCESS TIME: 120, 150 and 200ns 
=m LOW POWER "CMOS" CONSUMPTION: 

— Active Current 15mA 

— Standby Current 20uA PLCC32 (K) LCCC32W (L) 
« SMALL PACKAGES for SURFACE MOUNTING: 


— Ceramic: LCCC32W, ultra-thin 2.8mm (max) 
height 


— Plastic: PLCC32 and TSOP32 wa 7 
= PROGRAMMING VOLTAGE: 12.75V 4 Us 
= PROGRAMMING TIMES of AROUND 12sec. vee 


(PRESTO Il ALGORITHM) 


= M27V101 is PROGRAMMABLE as M27C1001 Soe 
with IDENTICAL SIGNATURE 


Figure 1. Logic Diagram 
DESCRIPTION 


The M27V101 is a low voltage, low power 1 Mega- 
bit electrically programmable memory (EPROM), 
ideally suited for handheld and portable micropro- 
cessor systems requiring large programs. It is or- 
ganized as 131,072 by 8 bits. 


The M27V101 operates in the read mode with a 
supply voltage as low as 3V (3.2V between —40 to 
85°C). The decrease in operating power allows 


Table 1. Signal Names 


Po | Progam 
Moo 
[Ves 


VAQ0660B 


Program Supply 
Supply Voltage 
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Figure 2A. LCC Pin Connections 


M27V101 


VA00661 


Warning: NC = No Connection. 


Table 2. Absolute Maximum Ratings “) 


Teo [Parent ie 
te | eaten neigrerowanee owes | 
Tans | Tonpeetnderties ———SSCSC*~‘“~*~dSCSC ew 
a a 
Wo | nputoroupurvongestewngy Siew 
a 
A 
[ve | Pegansinyvouge SSCS~*~idCt*i‘ 


Figure 2B. TSOP Pin Connections 


M27V101 
(Normal) 


VA01152 


Note: This is advance information on a new product now in 


development. Details are subject to change without notice. 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 


2. Minimum DC voltage on Input or Output is —0.5V with possible undershoot to —2.0V for a penod less than 20ns. Maximum DC 
voltage on Output is Vcc +0.5V with possible overshoot to Vcc +2V for a period less than 20ns. 


DESCRIPTION (cont'd) 


either a reduction of the size of the battery or an 
increase in the time between battery recharges. 
The M27V101 can also be operated as a standard 
1 Megabit EPROM (similar to M27C1001) with a 
OV power supply . 


The 32 pin Window, Leadless Chip Carrier package 
has a transparent lid which allows the user to 


expose the chip to ultraviolet light to erase the bit 
pattern. A new pattern can then be written to the 
device by following the programming procedure. 
For applications where the content is programmed 
only one time and erasure is not required, the 
M27V101 is offered in both Plastic Leaded Chip 
Carrier and Plastic Thin Small Outline packages. 
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DEVICE OPERATION 


The modes of operation of the M27V101 are listed 
in the Operating Modes table. A single power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on AQ for Elec- 
tronic Signature. 


Read Mode 


The M27V101 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (teLav). Data 
is available at the output after a delay of teLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-tGLav. 


Standby Mode 


The M27V101 has a standby mode which reduces 
the active current from 15mA to 20uA with low 
voltage operation Vcc < 3.2V (80mA to 100A with 
a supply of 5.5V), see Read Mode DC Character- 
istics Table for details. The M27V101 is placed in 
the standby mode by applying a CMOS high signal 


Table 3. Operating Modes 


Program 


Note: X = Vin or Vir, Vio = 12V + 0.5V 


Table 4. Electronic Signature 


| Mode | OE | | tt |e | t-a7_ 
jRead | Me | LX X | Vecorss | Data ut _| 
[OutputDisable |e | vm XL 
pM |v | Meuse |X | ee 
pveny | MeL eee atta ut 
[Program inhibit | Vm | XT XTX 


M27V101 


to the E input. When in the standby mode, the 
outputs are in a high impedance state, independent 
of the G input. 


Two Line Output Control 


Because EPROMs are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows : 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 
The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 


devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 


HiZ 


[—enaner [a0 [or [os | os | oe | os | a2 | on | oo | none 
TianatectwersGae [vu | o fo [+ [o]o]o]o]o | om 
Poevcscoe [vw fo fo{o [olor {o]1| on 
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AC MEASUREMENT CONDITIONS Figure 4, AC Testing Load Circuit 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4 to 2.4V 
Input and Output Timing Ref. Voltages 0.8 to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST # C, =100pF 


I 


C, includes JiG capacitance 


VA00826 


VAQ0828 


Table 5. Capacitance ™ (Ta = 25 °C, f= 1 MHz) 


symbol__| __Parameter__——|__TestCondition | Min _| 
Input Capacitance ee 
Outputapaciance | Vour=ov | 


Note: 1. Sampled only, not 100% tested. 


Table 6. Read Mode DC Characteristics ™ 
(Ta = 0 to 70 °C; Vcc = 8V to 5.5V unless specified; Vpp = Vcc) 
(Ta = —40 to 85 °C; Vcc = 3.2V to 5.5V unless specified; Vpp = Vcc) 


Symbol Test Condition 


Input Leakage Current OV < Vin S Voc ae: 
Output Leakage Current OV < Vout S$ Vcc fi 
lec = = 
E=Vi, G = Vi, lout = OmA, -_ 
Supply Current (Standby) E> Voc — 0.2V, Voc < 3.2V eae 
cc2 | CMOS = 
E>Vec-0.2V,Vec=55V | | 
Input Low Voltage pt 
vin ® Pd 
VoH = 


Supply Current 


E= Vit, G= Vit, lout = OMA, 
f = 5MHz, Vcc = 5.5V 
tee _| Program Current 


Tn [inptvigh votage | 
Tver [output towvotage [aetna 
a 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep. 
2. Maximum DC voltage on Output is Vcc +0.5V. 
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Table 7. Read Mode AC Characteristics 
(Ta =0 to 70 °C; Vcc = 3V to 5.5V unless specified; Vpp = Vcc) 
(Ta =—40 to 85 °C; Vcc = 3.2V to 5.5V unless specified; Vpp = Vcc) 


M27V101 
Symbol Parameter 


-120 

= 

| twvav_| tacc [Address Vatisto Output Vaid | E=Vi.=vul | 120] | 150| | 200] ns 

| tacv | toc |ChipEnableLowtoOutputvaid | G=vn | | 120] | 150] | 200| as | 

Tsay | toe [Output Enable Low o Ouputvaid] E=va | [oo [os] | 00 | no 

ees cere | tate te 
| tonaz® | | tor {Output Enable High to Output Hi-Z | Enable High to Output Hi-Z | Esvi | 0 | 70{01|70| 0 | 0| 


Address Transition to 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 


Test Condition 


Figure 5. Read Mode AC Waveforms 


VALID ! 
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Table 8. Programming Mode DC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Output High Voltage TTL : 
Proves | Ys | 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics “ 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Symbol 


att 
| twer_| tas _| Address Valid to Program Low _ 
| tov. | tos_| Input Valid to ProgramLow 


t t Chip Enable Low to 
aie HES Program Low 


e fe eee ed 
ts irr 
Program High to Input 
j two | to | Fopameemetmmet fk 
Input Transition to Output 
taxeL 'o&ES | Enable Low 
t t Output Enable Low to 
eee ee Output Valid 
(2) Output Enable High to 
Output Hi-Z 
t ' Output Enable High to 
oe AH | Address Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 
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Figure 6. Programming and Verify Modes AC Waveforms 
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DEVICE OPERATION (cont'd) 


the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device atthe 
output. 


The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 0.1uF ceramic 
capacitor be used on every device between Vcc 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as Close to the device as possible. In addition, a 
4.7uF bulk electrolytic capacitor should be used 
between Vcc and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 
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Programming 


The M27V101 has been designed to be fully com- 
patible with the M27C1001. As a result the 
M27V101 can be programmed as the M27C1001 
on the same programmers applying 12.75V on Vpp 
and 6.25V on Vcc. The M27V101 has the same 
electronic signature and uses the same PRESTO 
I! algorithm . 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27V101 are in the "1" 
state. Data is introduced by selectively program- 
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a"1" is by die exposure to ultraviolet 
light (UV EPROM). The M27V101 is in the pro- 
gramming mode when Vpp input is at 12.75V, and 
E and P are at TTL-low. The data to be programmed 
is applied 8 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vcc is specified to be 6.25V + 0.25V. 
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Figure 7. Programming Flowchart 
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PRESTO Ii Programming Algorithm 


PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 12 seconds. Programming with 
PRESTO Il involves in applying a sequence of 
100s program pulses to each byte until a correct 
verify occurs. During programming and verify op- 
eration, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro- 
gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro- 
grammed cell. 


Program Inhibit 


Programming of multiple M27V101s in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs including G of the parallel 
M27V101 may be common. ATTL low level pulse 
applied to a M27V101’s E input, with P low and Vpp 
at 12.75V, will program that M27V101. Ahigh level 
E input inhibits the other M27V101s from being 
programmed. 


Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with E 
and G at Vit, P at Vin, Vep at 12.75V and Vcc at 
6.25V. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27V101. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AY of the M27V101, with Vpp = Vcc 
= 5V. Two identifier bytes may then be sequenced 
from the device outputs by toggling address line AO 
from Vit to Vin. All other address lines must be held 
at Vi during Electronic Signature mode. 


Byte 0 (AO=ViL_) represents the manufacturer code 
and byte 1 (AO=Vjx) the device identifier code. For 
the SGS-THOMSON M27V101, these two identi- 
fier bytes are given in Table 4 and can be read-out 
on outputs QO to Q7. Note that the M27V101 and 
M27C1001 have the same identifier bytes . 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27V101 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27V101 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M27V101 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M27V101 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27V101 is exposure to 
short wave ultraviolet light which has a wavelength 
of 2537A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm?. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi- 
olet lamp with 12000 uW/cm? power rating. The 
M27V101 should be placed within 2.5 cm (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re- 
moved before erasure. 
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ORDERING INFORMATION SCHEME 


Example: M27V101 -200 K 6 TR 


Temperature Range 


-120 120 ns K PLCC32 1 Oto70°C TR Tape & Reel 
150 150ns L Lcocc32w 6 -40to85°C Packing 
-200 200 ns N TSOP32 

8 x 20mm 


For a list of available options (Speed, Package, Temperature Range, etc...) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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M27C1024 


CMOS 1Megabit (64K x16) UV EPROM and OTP ROM 


FAST ACCESS TIME: 70ns 


COMPATIBLE with HIGH SPEED MICRO- 
PROCESSORS, ZERO WAIT STATE 


LOW POWER "CMOS" CONSUMPTION: 

— Active Current 35mA 

— Standby Current 100uA 

PROGRAMMING VOLTAGE: 12.75V 
ELECTRONIC SIGNATURE for AUTOMATED 
PROGRAMMING 


» PROGRAMMING TIME of AROUND 6 sec. 
(PRESTO Ii ALGORITHM) 


DESCRIPTION 


The M27C1024 is a 1 Megabit UV erasable and 
electrically programmable read only memory 
(EPROM). It is organized as 65,536 words by 16 
bits. 


The 40 pin Ceramic Frit Seal Window package has 
a transparent lid whide allows the user to expose 
the chip to ultraviolet light to erase the bit pattern. 
Anew pattern can then be written to the device by 
following the programming procedure. 


For application where the content is programmed 
only one time and erasure is not required, the 
M27C1024 is offered in a Plastic Leaded Chip 
Carrier package. 


Table 1. Signal Names 


AO -A15 Address Inputs 
Q0 - Q15 Data Outputs 


E Chip Enable 
G Output Enable 


i 


December 1993 


FDIP40W (F) PLCC44 (C) 


Figure 1. Logic Diagram 


CG M27C1024 
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Figure 2A. DIP Pin Connections 
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Warning: NC = No Connection. 


Table 2. Absolute Maximum Ratings “) 


a a a ae 


Figure 2B. LCC Pin Connections 


M27C1024 
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Warning: NC = No Connection. 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the S@GS-THOMSON SURE Program and other 


relevant quality documents. 


2. Minimum DC voltage on Input or Output 1s -0.5V with possible undershoot to —2.0V for a period less than 20ns. Maximum DC 
voltage on Output is Vcc +0.5V with possible overshoot to Vcc +2V for a period less than 20ns. 


DEVICE OPERATION 


The modes of operations of the M27C01024 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on 
AQ for Electronic Signature. 


Read Mode 


The M27C1024 has two contro! functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
contro! and should be used for device selection. 


Output Enable (G) is the output control and should 
be used to gate data to the output pins, inde- 
pendent of device selection. Assuming that the 
addresses are stable, the address access time 
(tavav) is equal to the delay from E to output (teLav). 
Data is available at the output after a delay of tor 
from the falling edge of G, assuming that E has 
been low and the addresses have been stable for 
at least tavav-teLav. 


Standby Mode 


The M27C1024 has a standby mode which re- 
duces the active current from 35 mA to 100 LA. 
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DEVICE OPERATION (cont'd) 


The M27C1024 is placed in the standby mode by 
applying a TTL high signal to the E input. When in 
the standby mode, the outputs are in a high imped- 
ance state, independent of the G input. 


Two Line Output Control 


Because EPROMs are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer : 
the standby current level, the active current level, 
and transient current peaks that are produced by 


Table 3. Operating Modes 


Program 
Vi Vi 
Vi 
alate 


Note: X = Vin or Vit, Vin = 12V +0.5V 


Table 4. Electronic Signature 
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M27C1024 


the falling and rising edges of E. The magnitude of 
transient current peaks is dependent on the capaci- 
tive and inductive loading of the device at the 
output. The associated transient voltage peaks 
can be suppressed by complying with the two line 
output control and by properly selected decoupling 
capacitors. It is recommended that a 0.1uF ce- 
ramic capacitor be used on every device between 
Voc and Vss. This should be a high frequency 
capacitor of low inherent inductance and should be 
placed as close to the device as possible. In addi- 
tion, a 4.7uF bulk electrolytic capacitor should be 
used between Vcc and Vss for every eight devices. 
The bulk capacitor should be located near the 
power supply connection point. The purpose of the 
bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of PCB traces. 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27C1024 are in the "1" 
state. Data is introduced by selectively program- 
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1s" and "Os" 
can be present in the data word. The only way to 
change a "0" toa"1" is by die exposure to ultraviolet 
light (UV EPROM). The M27C1024 is in the pro- 
gramming mode when Vpp input is at 12.75V, and 
E and P are at TTL-low. The data to be pro- 
grammed is applied, 16 bits in parallel, to the data 
output pins. The levels required for the address 
and data inputs are TTL. Vcc is specified to be 
6.25V + 0.25V. 


Data Input 


Data — 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST C) =100pF 
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VAO0826 C, includes JIG capacitance 
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Table 5. Capacitance “ (Ta = 25 °C, f = 1 MHz) 


Note: 1. Sampled only, not 100% tested. 


Figure 5. Read Mode AC Waveforms 


Hi-Z 
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Table 6. Read Mode DC Characteristics 
(Ta =0 to 70 °C or —40 to 85 °C; Vcc = 5V + 5% or 5V + 10%; Vep = Vcc) 


Symbol Test Condition | _Min__ | Max__|_Unit_| 
a input Leakage Current a 
| ho | Output Leakage Current OV < Vout S$ Vcc | Ltt |p 


[ie [seromes nsdn rors 
ee ae 
el aT MR Se a RE 
vif votage ao 
2 
a a ae 

[ouputhion otgeTM | imws—wuoya ae fv 

[oupttan verge COS | toventooua—L.vor-orv[ |v 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously with or after Vpp 
2. Maximum DC voltage on Output is Vcc +0.5V. 


Table 7A. Read Mode AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Vec = 5V + 5% or 5V + 10%; Vpp = Voc) 


Min | Max | Min [Max | Min | Max 

Ee ee oe eee 
tev | oz _|ChipEnableLowto Outputvaid | G=vi | | a0| | 90] | 100/ ns _| 
[Output Enable Low to Output Valid| E=Va_ | | 40 | | 45 || 50 | ns 
eS ree OE 


= Output Enable High to OutputHi-Z|  E=vi_| o | 30| 0 | 30| 0 | 30| ns | 
Address Transition to 
[ww [ow fsaazmmre —eewewfo] fo] [of [x 


Table 7B. Read Mode AC Characteristics () 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V 5% or 5V + 10%; Vpp = Voc) 


M27C01024 
Symbol Parameter ; 


| a2 | 15 | 20025 | 
[Min | Max| Min | Max | Min | Max’ 
| twav | taco [Address Valid to Output Valid [E=Van,G=Vu| [120] | 150| | 200] ns _| 
ee Tn 
tear _|_toe_{Ouput Enable Low to Quint vald| sve __| _{ 60} _{ 0 70 | _ns_| 
| tenoz® | tor |Chip Enable High to Output-z | G=vn | 0 | 40| 0 | s0| 0 | 60] ns | 
| tsvaz | tor [Output Enable High to Output HZ] E=Vvn__| 0 | 40 | 0 | 50 
fom [= eran [ewsenl | [ol 
Output Transition , 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously with or after Vpp 
2. Sampled only, not 100% tested. 


Test Condition 


Test Condition 
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Table 8. Programming Mode DC Characteristics “ 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


[Parameter [Test oneion [win [wax [ont 
oo a a a ee 
a OO 
a 
SC 
[Vn inpattinvetage Pi eos | 
[er ouputtowvotage =i tana | dof 
er oan | veseun [ae [Lv 
[We [asvene Sti ts | es | 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously with or after Vpp. 


Table 9. Programming Mode AC Characteristics ™) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


[symocr [an [Panter ‘| Testconavon [ win [wm | unt 
Tom [ve [acieervaorngeniy [<= | | m= 
ar a ea 
ce a nO 
Pm [frien [ea 


t Savant he ones Enable High to Address 
aia Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously with or after Vpp. 
2. Sampled only, not 100% tested. 
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Figure 6. Programming and Verify Modes AC Waveforms 
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Figure 7. Programming Flowchart PRESTO I! Programming Algorithm 


PRESTO II Programming Algorithm allows pro- 
gramming of the whole array with a guaranteed 
= e margin, in a typical time of less than 6 seconds. 
MCG te dove pp = ee Proareanigins with PRESTO II consists of applying 
a sequence of 100 us program pulses to each word 
until a correct verify occurs. During programming 
and verify operation, a MARGIN MODE circuit is 
automatically activated in order to guarantee that 
each cell is programmed with enough margin. No 
= overprogram pulse is applied since the verify in 
MARGIN MODE provides necessary margin to 
each programmed cell. 
Program Inhibit 


Programming of multiple M27C1024s in parallel 
with different data is also easily accomplished. 
Except for E, all like inputs including G of the 
parallel M27C1024 may be common. A TTL low 
level pulse applied to a M27C1024’s E input, with 
P low and Vpp at 12.75V, will program that 
M27C1024. Ahigh level E input inhibits the other 
M27C1024s from being programmed. 


Program Verify 


Vcc = 5V, Yop = 5V 
Check all Words 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with E 
and G at Vit, P at Vin, Vep at 12.75V and Vcc at 
6.25V. 
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Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. this mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27C1024. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27C1024 with Vpp = 
Vcc = 5V. Two identifier bytes may then be se- 
quenced from the device outputs by toggling ad- 
dress line AO from Vit to Vin. All other address lines 
must be held at Vit during Electronic Signature 
mode. Byte 0 (AO=ViL) represents the manufac- 
turer code and byte 1 (AO=Vjx) the device identifier 
code. For the SGS-THOMSON M27C1024, these 
two iden-tifier bytes are given in Table 4 and can 
be read-out on outputs QO to Q7. 


ORDERING INFORMATION SCHEME 


Example: 


Sp 
-80 80ns X + 5% F 
-90 90ns blank + 10% C 
-10 100ns 
-12 120ns 
-15 150ns 
-20 200ns 
-25 250ns 


M2701024 -12 X F 


PLOC44 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27C1024 is 
such that erasure begins when the cells are ex- 
posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that 
sunlight and some type of fluorescent lamps have 
wavelengths in the 3000-4000 Arange. Research 
shows that constant exposure to room level fluo- 
rescent lighting could erase a typical M27C1024 in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C1024 is to be exposed to 
these types of lighting conditions for extended pe- 
riods of time, it is suggested that opaque labels be 
put over the M27C1024 window to prevent uninten- 
tional erasure. The recommended erasure proce- 
dure for the M27C1024 is exposure to short wave 
ultraviolet light which has wavelength 2537 A. The 
integrated dose (i.e. UV intensity x exposure time) 
for erasure should be a minimum of 15 W-sec/cm*. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 uW/cm? power rating. The M27C1024 
should be placed within 2.5 cm (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 


1 xX 


Temperature Range 


FDIP40W 1 Oto70°C X Additional 
6 40 to 85°C ey aD 
TR Tape & Reel 
Packing 


For a list of available options (Speed, Vcc Tolerance, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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Ays GS THOMSON Mi27C2001 


CMOS 2 Megabit (256K x 8) UV EPROM and OTP ROM 


a VERY FAST ACCESS TIME: 80ns 


=» COMPATIBLE with HIGH SPEED MICROPRO- 
CESSORS, ZERO WAIT STATE 


# LOW POWER "CMOS" CONSUMPTION: 
— Active Current 30mA 
— Standby Current 100uA 

a PROGRAMMING VOLTAGE: 12.75V 


ELECTRONIC SIGNATURE for AUTOMATED LCCC32W (L) 
PROGRAMMING 


=» PROGRAMMING TIMES of AROUND 24sec. 
(PRESTO II ALGORITHM) 


DESCRIPTION 

The M27C2001 is a high speed 2 Megabit UV 

erasable and programmable memory (EPROM) PLCC32 (C) TSOP382 (N) 
ideally suited for microprocessor systems requiring 8 x 20mm 


large programs. It is organised as 262,144 by 8 bits. 


The 32 pin Window Ceramic Frit-Seal Dual-in-Line 
and Leadless Chip Carrier packages have trans- Figure 1. Logic Diagram 
parent lids which allow the user to expose the chip 
to ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow- 
ing the programming procedure. 


For applications where the content is programmed 
only one time and erasure is not required, the 
M27C2001 is offered in both Plastic Leaded Chip 
Carrier and Plastic Thin Small Outline packages. 


Table 1. Signal Names 


Po | Progam 
[Ver 
pvc 
[vee 


Program Supply 
Supply Voltage 
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Figure 2A. DIP Pin Connections 
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(Normal) 
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Note: This is advance information on a new product now in 
development. Details are subject to change without notice. 


DEVICE OPERATION 


The modes of operations of the M27C2001 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on AQ 
for Electronic Signature. 
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Figure 2B. LCC Pin Connections 


M27C2001 


VA00718 


Read Mode 


The M27C2007 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output contro! and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (te_av). Data 
is available at the output after a delay of taeLaqv from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 


tavav-teLav. 
Standby Mode 


The M27C2001 has a standby mode which re- 
duces the active current from 30mA to 100L/A. The 
M27C2001 is placed in the standby mode by ap- 
plying a CMOS high signal to the E input. When in 
the standby mode, the outputs are in a high imped- 
ance state, independent of the G input. 


Two Line Output Control 


Because EPROMs are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 
b. complete assurance that output bus contention 
will not occur. 
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Table 2. Absolute Maximum Ratings ™ 


Input or Output Voltages (except AS) 
Supply Voltage 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 


2. Minimum DC voltage on Input or Output is -0.5V with possible undershoot to —2.0V for a period less than 20ns. Maximum DC 
voltage on Output is Vcc +0.5V with possible overshoot to Vcc +2V for a period less than 20ns. 


Table 3. Operating Modes 


Electronic Signature 


Note: X = Vin or Vit, Vio = 12V 4 0.5V 


Table 4. Electronic Signature 


| teentiier | ao | a7 


[oevscore fw | o | 1 [1 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


Read 
! 


ee a 

x [x 

x [x 
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SR 


| Vee | _@0-a7 
Data Out 
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System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer : 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
Capacitive and inductive loading of the device at the 
output. 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 


Input Rise and Fall Times < 20ns 
- Input Pulse Voltages 0.4V to 2.4V 
Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TES I. eee C= 1 00pr 


i 


C, includes JIG capacitance 
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Note: 1. Sampled only, not 100% tested. 


Table 6. Read Mode DC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = 5V + 5% or 5V + 10%; Vpp = Voc) 


Icc Supply Current he : pare ete 30 


mA 
Supply Current (Standby) TTL |= || tm 
Supply Curent (Standby)cmos | E>Vec~o2v |_| t00 | wa 
| ee | Program Current a 
Input Low Voltage ee ee eee 
Vou utput High Voltage TTL lon = 400A 2.4 poy 
Output High Voltage CMOS lon = -100LA Vcc — 0.7V aa Es 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. Maximum DC voltage on Output ts Vcc +0.5V. 


< 


< 


4/9 “i 
“2______________.______ kyg $G$: THOMsony 
134 


M27C2001 


Table 7A. Read Mode AC Characteristics 
(Ta =0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vep = Voc) 


M27C2001 
Symbol Parameter 


-12 
[Min | Max | Min [Max] Min | Max | 
| twav | taco [Address Valid to Output Vaid | E=Vva,G=val |eo| [too] | 120| _ns_| 
| teov | tee |Chip Enable Lowto Output Valid | G=vu | | 80 |__| 100] [120] ns 
| teav | toc Output Enable Lowto Output Valid] E=va |_| 40 | [so] | 50] ns | 
tose | tena ne ued tiz | _ Sze 0120 2 S02 Of ne 
| tor | Output Enable | Output Enable High to Output Hi-Z | to Output Hi-Z | Ee=v. | 0 [30] 0[30| 0 | 40. 40 


Address Transition to 
ras Output Transition ee CEE Te te 


Table 7B. Read Mode AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


nh ni a 


ieer [ice [pasar isto oma [Ev Seva| [150] [aon] [2s0[ ne 
ison [tr [onpenaietoviecupavers | eave | [150[ [ooo] [250 ne 
aor | tor [ouput reieLowie Oupavad| Eva [| 60 | [70 []100| ne 
res? [w lopemenmeominz | ou foto le lol olel 
=r [50-0 [a0 | © | eo | ns 
Pe fo fermen [eecernle] Lo] Te] Lo 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 


Test Condition 


Figure 5. Read Mode AC Waveforms 
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Table 8. Programming Mode DC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


[Syme [Params | _TestGondion [win 
w | woattestegs Cured | osvasves | 
[sunyowen | 
ee 
== 
=a 
| 


ae 
"ae 

aa 

Te | pation tage 
ea 
en 
[we [ase ns | 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics ™ 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vep =. 12.75V + 0.25V) 


Taymor [an [Params | _TeotGonation 
Tam | as | Ais Vad Progam Low 
Tome | toe | ip vat rogram tow 


on Enable Low to Program 
tELPL tcEs Low 


Program Pulse Width 


Program High to Input 


t Input Transition to Output 
ene Enable Low 
t Output Enable Low to Output 
cine Valid 

oe Enable High to Output 
t Output Enable High to 
las Address Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 
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Figure 6. Programming and Verify Modes AC Waveforms 
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DEVICE OPERATION (cont'd) 


The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 0.1uF ceramic 
capacitor be used on every device between Vcc 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7uF bulk electrolytic capacitor should be used 
between Vcc and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 


CC 
LVGHPL. tGHAX 


_ 


! 
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Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27C2001 are in the "1" 
state. Data is introduced by selectively program- 
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposition to ultravi- 
olet light (UV EPROM). The M27C2001 is in the 
programming mode when Vpp input is at 12.75V, 
and E and P are at TTL-low. The data to be pro- 
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. Vcc is specified to be 6.25V 
+ 0.25V. 
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Figure 7. Programming Flowchart 


Voc = 6.25V, Vpop = 2:9 
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P=100us Pulse 


Check all Bytes 
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PRESTO II Programming Algorithm 


PRESTO II Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
margin, in a typical time of less than 24 seconds. 
Programming with PRESTO II consists of applying 
a sequence of 100s program pulses to each byte 
until a correct verify occurs. During programming 
and verify operation, a MARGIN MODE circuit is 
automatically activated in order to guarantee that 
each cell is programmed with enough margin. No 
overprogram pulse is applied since the verify in 
MARGIN MODE provides the necessary margin to 
each programmed cell. 


Program Inhibit 


Programming of multiple M27C2001s in parallel 
with different data is also easily accomplished. 
Except for E, all like inputs including G of the 
parallel M27C2001 may be common. A TTL low 
level pulse applied to a M27C2001’s E input, with 
P low and Vpp at 12.75V, will program that 
M27C2001. A high level E input inhibits the other 
M27C2001s from being programmed. 
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Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with E 
and G at Vit, P at Vin, Vep at 12.75V and Vcc at 
6.25V. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. this mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27C2001. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27C2001 with 
Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from Vit to Vin. All other address 
lines must be held at Vit during Electronic Signa- 
ture mode. Byte 0 (A0=ViL) represents the manu- 
facturer code and byte 1 (AQ=Vin) the device 
identifier code. For the SGS-THOMSON 
M27C2001, these two identifier bytes are given in 
Table 4 and can be read-out on outputs QO to Q7. 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27C2001 are 
such that erasure begins when the cells are ex- 
posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave- 
lengths in the 3000-4000 Arange. Data shows that 
constant exposure to room level fluorescent light- 
ing could erase a typical M27C2001 in about 3 
years, while it would take approximately 1 week to 
cause erasure when exposed to direct sunlight. If 
the M27C2001 is to be exposed to these types of 
lighting conditions for extended periods of time, it 
is suggested that opaque labels be put over the 
M27C2001 window to prevent unintentional era- 
sure. The recommended erasure procedure for the 
M27C2001 is exposure to short wave ultraviolet 
light which has wavelength of 2537 A. The inte- 
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm?. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 W/cm? power rating. The M27C2001 
should be placed within 2.5 cm (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 
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ORDERING INFORMATION SCHEME 


Example: M27C2001 -80 X F 1 X 


(L 


~ 

-80 80 ns x + 5% F -FDIP32W 1 0to70°C X Additional 
-10 100 ns blank  +10% C PLCC32 6 -40to 85°C Suman 

42 120ns L  Locc32w a pechag 
15 150 ns N  TSOP32 

20  -200ns pe 

-25 250 ns 


For a list of available options (Speed, Vcc Tolerance, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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M27V201 
LOW VOLTAGE CMOS 


2 Megabit (256K x 8) UV EPROM and OTP ROM 


» LOW VOLTAGE READ OPERATION 
— Vcc Range: 8V to 5.5V (Ta = 0 to 70°C) 
— Voc Range: 3.2V to 5.5V (Ta = —40 to 85°C) 
=» ACCESS TIME: 200 and 250ns 
= LOW POWER "CMOS" CONSUMPTION: 
— Active Current 15mA 
— Standby Current 20uA 
=» SMALL PACKAGES for SURFACE MOUNTING: 


— Ceramic: LCCC32W, ultra-thin 2.8mm (max) 
height 


— Plastic: PLCC32 and TSOP32 
#» PROGRAMMING VOLTAGE: 12.75V 


= PROGRAMMING TIMES of AROUND 24sec. 
(PRESTO Il ALGORITHM) 


# M27V201 is PROGRAMMABLE as M27C2001 
with IDENTICAL SIGNATURE 


DESCRIPTION 


The M27V201 is a low voltage, low power 2 Mega- 
bit electrically programmable memory (EPROM), 
ideally suited for handheld and portable micropro- 
cessor systems requiring large programs. It is or- 
ganized as 262,144 by 8 bits. 


The M27V201 operates in the read mode with a 
supply voltage as low as 8V (3.2V between 40 to 
85°C). The decrease in operating power allows 
either a reduction of the size of the battery or an 
increase in the time between battery recharges. 


Table 1. Signal Names 


Po | Progam 
[Vee | Program Supply 
Vo 


Supply Voltage 


Ves 


October 1993 


> GY 


LCCC32W (L) 


PLCC32 (K) 


TSOP82 (N) 
8 x 20mm 


Figure 1. Logic Diagram 


M27V201 


VA00693B 
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Figure 2A. LCC Pin Connections 


M27V201 


VA00694 


Table 2. Absolute Maximum Ratings 


ee 
Pte [ambencpeate Terie | owes | 
Tons | Tonpeauetnierses —SSSCS*~*~dSCSC ww 
Tne | SereeeTonpeaue stg 
To | water Oupu Voges weaning) iw 
vec | supose 
A 
[ve | Prwansipsyvorge ——SSSC~“~*~“~*~dSSC*C 


Figure 2B. TSOP Pin Connections 


M27V201 
(Normal) 


VA01154 


Note: This is advance information on a new product now in 


development Details are subject to change without notice. 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification ts not implied Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 


2. Minimum DC voltage on Input or Output is —0.5V with possible undershoot to —2.0V for a period less than 20ns. Maximum DC 
voltage on Output ts Vcc +0.5V with possible overshoot to Vcc +2V for a period less than 20ns. 


DESCRIPTION (cont'd) 


The M27V201 can also be operated as a standard 
2 Megabit EPROM (similar to M27C2001) with a 
5V power supply . 


The 32 pin Window, Leadless Chip Carrier package 
has a transparent lid which allows the user to 
expose the chip to ultraviolet light to erase the bit 


pattern. A new pattern can then be written to the 
device by following the programming procedure. 
For applications where the content is programmed 
only one time and erasure is not required, the 
M27V201 is offered in both Plastic Leaded Chip 
Carrier and Plastic thin Small Outline packages. 
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DEVICE OPERATION 


The modes of operation of the M27V201 are listed 
in the Operating Modes table. A single power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on AQ for Elec- 
tronic Signature. 


Read Mode 


The M27V201 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (teLav). Data 
is available at the output after a delay of teLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-tGLav. 

Standby Mode 

The M27V201 has a standby mode which reduces 
the active current from 15mA to 20uA with low 
voltage operation Vcc < 3.2V (30mA to 100A with 
a supply of 5.5V), see Read Mode DC Character- 
istics Table for details. The M27V201 is placed in 
the standby mode by applying a CMOS high signal 


Table 3. Operating Modes 


Output Disable | ov | 


Program Inhibit 
Standby 


Note: X = Vin or Vit, Vin = 12V + 0.5V 


Table 4. Electronic Signature 


| more | | te | to - 
ees ae ee ee ee ee Ee Data Out 
a 


ie ee 
pow | x fT xk Tx ccorves |Z 
secon Sgnawe | vn |u| Vw | Vo | Veo__| Codes 


[—wenter [| a0 [ a7 | as | os | ov [os | a2 | ar | ao | voxoae 
Tandectwerscae [vu | o [0 [+ [o]o]o}o|o | am 
[oovcocoe fw loli t+rt[olelelo ls] om 


M27V201 


to the E input. When in the standby mode, the 
outputs are in a high impedance state, independent 
of the G input. 


Two Line Output Control 


Because EPROMsS are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows : 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 


xX Vcc or Vss Hi-Z 
X Data Out 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4 to 2.4V 


Input and Output Timing Ref. Voltages 0.8 to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
LES C, =100pF 


s 


C,; includes JIG capacitance 
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Table 5. Capacitance “) (Ta = 25 °C, f= 1 MHz) 


Note: 1. Sampled only, not 100% tested. 


Table 6. Read Mode DC Characteristics 
(Ta = 0 to 70 °C; Vcc = 3V to 5.5V unless specified; Vpp = Vcc) 
(Ta = —40 to 85 °C; Vcc = 3.2V to 5.5V unless specified; Vpp = Vcc) 


Symbol Test Condition 
Input Leakage Current OV < Vins Vec 


| Min | Max 
ea (Ee 
| to | OutputLeakage Curent | OV VoursVoo | |. 

i 


| Unit | 


f = 5MHz, Voc < 3.2V 


ES ViL, Ge Vit, lout = OMA, mA 
f = 5MHz, Vcc = 5.5V 


Supply Current (Standby) | _E>Vec-0.2V,vecs32v_ | | 20 | A 
ates | E>Vec~oavVec=5sv | | 100A 
| tee | Program Curent | Wr =Veo | | tw 
| Vi_|inputtowVotage | || 
| vin® | inputigh votage | Tk cot | 
| Vo.__| Outputlowvotage | tau =2tma | || 
) Mr | Seat etmpe Tn |__te=tQut_}-_24_—7____ ta 

J Output High Voltage OMos | ton=—1000A | Veo-orv | | 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. Maximum DC voltage on Output is Vcc +0.5V. 


loc Supply Current 


Icce2 


< 
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Table 7. Read Mode AC Characteristics 
(Ta = 0 to 70 °C; Vcc = 8V to 5.5V unless specified; Vpp = Vcc) 
(Ta =—40 to 85 °C; Voc = 3.2V to 5.5V unless specified; Vpp = Vcc) 


™ ie ee a as 


Address Valid to Output Valid E=Vui,G=Vu n.d 200 
Chip Enable Low to Output Vaid | G=Vn | 


tGHaz ~ 


t Address Transition to 
een Output Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 


Figure 5. Read Mode AC Waveforms 


(a) 


m— tAVQV 


DATA OUT 


ee Sor 


VA00719 


ky7 SGS-THOMSON 


5/9 


145 


M27V201 


Table 8. Programming Mode DC Characteristics “) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Test Condition 
Input Leakage Current Vit < Vin S$ Vin 


Supply Current 


Program Current 
Input Low Voltage El —0.3 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


Table §. Programming Mode AC Characteristics (1) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


tus_| Address Valid to Program Low | 
tos_| Input Vali to Programtow | 
ies 
ves 


t t Chip Enable Low to 
athe CES | Program Low 


tpw Program Pulse Width 
H 


Program High to Input 


U 
© 
oa 
a) 
3 
@ 
+ 
1°) 
= 
=| 
@O 
n 
- 
O 
Oo 
= 
a. 
=a 
Oo 
a 


Input Transition to Output 
taxeL loES_ | Enable Low 
t t Output Enable Low to 
Grey CE | Output Valid 
es CupEE High to 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2 Sampled only, not 100% tested. 


Output Enable High to 


TAH Address Transition 
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Figure 6. Programming and Verify Modes AC Waveforms 
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DEVICE OPERATION (cont'd) 


the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 


The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 0.1uF ceramic 
capacitor be used on every device between Vcc 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7uF bulk electrolytic capacitor should be used 
between Vcc and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 


VA00720 


Programming 


The M27V201 has been designed to be fully com- 
patible with the M27C2001. As a result the 
M27V201 can be programmed as the M27C2001 
on the same programmers applying 12.75V on Vpp 
and 6.25V on Vcc. The M27V201 has the same 
electronic signature and uses the same PRESTO 
Il algorithm . 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27V201 are in the "1" 
state. Data is introduced by selectively program- 
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a"1" is by die exposure to ultraviolet 
light (UV EPROM). The M27V201 is in the pro- 
gramming mode when Vpp input is at 12.75V, and 
E and Pare at TTL-low. The data to be programmed 
is applied 8 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vcc is specified to be 6.25V + 0.25V. 
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Figure 7. Programming Flowchart 


P=100us Pulse 
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PRESTO II Programming Algorithm 


PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 26 seconds. Programming with 
PRESTO II involves in applying a sequence of 
100us program pulses to each byte until a correct 
verify occurs. During programming and verify oper- 
ation, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro- 
gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro- 
grammed cell. 


Program Inhibit 


Programming of multiple M27V201s in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs including G of the parallel 
M27V201 may be common. ATTL low level pulse 
applied to a M27V201’s E input, with P low and Vpp 
at 12.75V, will program that M27V201. Ahigh level 
E input inhibits the other M27V201s from being 
programmed. 


Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with E 
and G at Vit, P at Vin, Vpp at 12.75V and Vcc at 
6.25V. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27V201. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27V201, with Vpp = Vcc 
= 5V. Two identifier bytes may then be sequenced 
from the device outputs by toggling address line AO 
from Vit to Vin. All other address lines must be held 
at Vit during Electronic Signature mode. 


Byte 0 (AO=ViL) represents the manufacturer code 
and byte 1 (AO=Vjx) the device identifier code. For 
the SGS-THOMSON M27V201, these two identi- 
fier bytes are given in Table 4 and can be read-out 
on outputs QO to Q7. Note that the M27V201 and 
M27C2001 have the same identifier bytes . 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27V201 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27V201 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M27V201 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M27V201 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27V201 is exposure to 
short wave ultraviolet light which has a wavelength 
of 2537A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi- 
olet lamp with 12000 uW/cm* power rating. The 
M27V201 should be placed within 2.5 cm (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re- 
moved before erasure. 


8/9 . 
so__________ 7 sts-Tyomsow 


148 


M27V201 


ORDERING INFORMATION SCHEME 


Example: M27V201 -200 K 6 TR 


Temperature Range 


-200 200 ns K PLCC32 1 Oto70°C TR Tape & Reel 
250  250ns L LCCC32W 6 -40t085°C Peeking 
N TSOP32 
8 x 20mm 


For a list of available options (Speed, Package, Temperature Range, etc...) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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M27C4001 


CMOS 4 Megabit (512K x 8) UV EPROM and OTP ROM 


=» VERY FAST ACCESS TIME: 80ns 


& COMPATIBLE with HIGH SPEED MICROPRO- 
CESSORS, ZERO WAIT STATE 


» LOW POWER "CMOS" CONSUMPTION: 
— Active Current 30mA at 5MHz 
— Standby Current 100A 

=» PROGRAMMING VOLTAGE: 12.75V 


» ELECTRONIC SIGNATURE for AUTOMATED 
PROGRAMMING 

» PROGRAMMING TIMES of AROUND 48sec. 
(PRESTO II ALGORITHM) 


DESCRIPTION 


The M27C4001 is a high speed 4 Megabit UV 
erasable and programmable memory (EPROM) 
ideally suited for microprocessor systems requiring 
large programs. It is organised as 524 288 by 8 bits. 


The 32 pin Window Ceramic Frit-Seal Dual-in-Line 
and Leadiess Chip Carrier packages have trans- 
parent lids which allow the user to expose the chip 
to ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow- 
ing the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M27C4001 is offered in both Plastic Leaded Chip 
Carrier and Plastic Thin Small Outline packages. 


Table 1. Signal Names 


a 
oe 
Ta 


m 


Supply Voltage 


October 1993 


LCCC32W (L) 


PLCC32 (C) TSOP32 (N) 


8 x 20mm 


Figure 1. Logic Diagram 


M27C4001 


VA00721B 
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Figure 2A. DIP Pin Connections 


Ono oF WN - 


Z 
9 M27C4001 


— — 
->- oO 


12 
13 
14 
1D 
16 


M27C4001 
(Normal) 


VA01155 


Note: This is advance information on a new product now in 
development. Details are subject to change without notice. 


DEVICE OPERATION 


The modes of operations of the M27C4001 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on AQ 
for Electronic Signature. 


2/9 IST SGS-THO 


Figure 2B. LCC Pin Connections 


M27C4001 


VA00723 


Read Mode 


The M27C4001 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (teLqv). Data 
is available at the output after a delay of teLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-tGLav. 

Standby Mode 


The M27C4001 has a standby mode which re- 
duces the active current from 50mA to 100A. The 
M27C4001 is placed in the standby mode by ap- 
plying a CMOS high signal to the E input. When in 
the standby mode, the outputs are in a high imped- 
ance state, independent of the G input. 


Two Line Output Control 


Because EPROMS are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 
b. complete assurance that output bus contention 
will not occur. 
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Table 2. Absolute Maximum Ratings 


a 
Tt. | anion Operating enpeaue ———SSSCS~‘dtC*i 
an inne ___. | eum — fs 
Vv 
ar ee 


AQ Voltage 210185 
| Vee | Program Supply Voltage —2 to 14 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. Minimum DC voltage on Input or Output is -0.5V with possible undershoot to —2.0V for a period less than 20ns. Maximum DC 
voltage on Output 1s Vcc +0.5V with possible overshoot to Vcc +2V for a period less than 20ns. 


Table 3. Operating Modes 


SS A 
a a 
ae Ca SE Sa 
Progen [vee [vs [ve 
a 


Note: X = Vin or Vit, Vin = 12V + 0.5V 


~< 


Ht 


mK 1K | OX 


Table 4. Electronic Signature 


| tdentiter | ao | a7 | as | os | os | os | 2 | at | a0 | Hexdata 
ManufacturersCode | Ve | 0 | o | 1 | 0 | o | o | o | o | 20m | 
[devicecoe | vw | o | + | o | o | o | oo | o | | ath 


DEVICE OPERATION (cont'd) 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer : 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST em) =100pF 


I 


VA00826 C, includes JIG capacitance 


VA00828 


Table 5. Capacitance ™) (Ta = 25 °C, f = 1 MHz) 


Symbol Test Condition | Max | Unit | 
Input Capacitance ea ee 
Output Capacitance 


Note: 1. Sampled only, not 100% tested. 


Figure 5. Read Mode AC Waveforms 


ae) 


DATA OUT 


VA00724 
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Table 6. Read Mode DC Characteristics “) 

(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vep = Vcc) 
Symbol 

Input Leakage Current OV < Vin < Voc 


| min | max | unit | 
pt 
ae ee 
Eistee | | [om 
a ee 
pf too |g 
ee eee ee 


Supply Current (Standby) CMOS 

| tee | ProgramCurrent | Ver =Veo 

| Vu | inputtowvotage | | | | 

| vw |inputHighvotage | | eo | 

| Vo. | Outputtow voltage | t= 2tma | | | 

Vou OutbutHigh VoltageTTL | ton toa | oe | 
[OutputHigh Votagecmos | __itov=—100"A | Vec-o7v| |v 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep 
2. Maximum DC voltage on Output is Vcc +0.5V. 


Table 7A. Read Mode AC Characteristics “ 
(Ta = 0 to 70 °C or —40 to 85 °C; Vec = 5V + 5% or 5V + 10%; Vpp = Voc) 


Test Condition 


[Min | Max] Min [1x | Min | Max’ 
| twav | taco [Address Valid to Output vaid — |E=VusG=Vu| | 0] [100] | 420| ns _| 
| taov | tce_|Chip Enable Lowto OutputValid | G=vu |_| eo] [100] | 120 ns _ 
| terav | tos Output Enable Low to Output Valid] E=Vve | [40] [so] | 60| ns | 
| tenoz® | tor _|Chip Enable High to Output Hi-Z | @=vu | 0 | 30] 0 | 90 | 0 | 40 | ns | 
| tonoz® | tor [Output Enable High to OutputHi-Z| _E=vn__| 0 | 30 | 0 | 30| 0 | 40] ns _ 
[om [ow fogmre ewan] el Jo] [ol To 
Output Transition 
Table 7B. Read Mode AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Vec = 5V + 5% or 5V + 10%; Vpp = Vcc) 
| min | max | tin | Max | 
| tov __| taco [Address Valid to Output Vaid — |E=Vi.G=Vu| | 150 | | 200 | ns | 
| terev | toe [Chip Enable Lowto Output valid | G=vn | | _t50 | | 200 | ns | 
| tery | toe [Outputenable Lowto Outputvatid] E=vn | | 60 | | _70 | ns | 
| tevaz® | tor |Chip Enable High to OutputHi-z_| G=vi | 0 | so | o | 80 | ns | 
| tarioz® | tor [Output Enable High to QutputHi-z| E=ve | o | 50 | o | 80 | ns | 
serum” ewem[e[ Te [ [e 
BAe OH | Output Transition ck Sa 2 
Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep 
2. Sampled only, not 100% tested. 
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Table 8. Programming Mode DC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Parameter 
: 

| tec | SuppyGurent | ctw 
| tee | Programcurent | EM | 
| Ve __| inputtowvottage | os | ow 
ae Fe 


Touputtowvetags «tween |e 
Foupatign Vote | owe oa | aa) 
[vn [rove | S~ ns | es 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Teymoot [at | Peronatr | tetonanon [wm | wox [vat 
Twa | te [Avacorvicwcromecn | |e | aw 
Ton |e [reaatiiocipemein [ef 
Se a 
vere | tes | Vestignio cap eniotow | 


ee 
Chip Enable High to Input 
fox | tom | orpgeanertonome ff ek | fe 
ee ee ee 
t t Output Enable High to Address 
anes am Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 


6/9 = 
oS —_____________._kygr 86S: THOMSON 
156 


M27C4001 


Figure 6. Programming and Verify Modes AC Waveforms 


aT oe 
{DATA IN) IN 


a 


: tELEH _ 


areas PROGRAM 


DEVICE OPERATION (cont'd) 


The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 0.1uF ceramic 
capacitor be used on every device between Vcc 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7uF bulk electrolytic capacitor should be used 
between Vcc and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 


DATA OUT 
tEHQX enor 


VERIFY ———»! 
VA00725 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27C4001 are in the "1" 
state. Data is introduced by selectively program- 
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposition to ultravi- 
olet light (UV EPROM). The M27C4001 is in the 
programming mode when Vpp input is at 12.75V, 
and Eis at TTL-low. The data to be programmed is 
applied 8 bits in parallel to the data output pins. The 
levels required for the address and data inputs are 
TTL. Voc is specified to be 6.25V + 0.25V. 
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Figure 7. Programming Flowchart 


E=100us Pulse 


Check all Bytes 
VA00726 


PRESTO II Programming Algorithm 


PRESTO II Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
margin, in a typical time of less than 52 seconds. 
Programming with PRESTO II consists of applying 
a sequence of 100us program pulses to each byte 
until a correct verify occurs. During programming 
and verify operation, a MARGIN MODE circuit is 
automatically activated in order to guarantee that 
each cell is programmed with enough margin. No 
overprogram pulse is applied since the verify in 
MARGIN MODE provides the necessary margin to 
each programmed cell. 


Program Inhibit 


Programming of multiple M27C4001s in parallel 
with different data is also easily accomplished. 
Except for E, all like inputs including G of the 
parallel M27C4001 may be common. A TTL low 
level pulse applied to a M27C4001’s E input, with 
Vpp at 12.75V, will program that M27C4001. Ahigh 
level E input inhibits the other M27C4001s from 
being programmed. 


Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with G at 
Vit, E at Vin, Vpp at 12.75V and Vcc at 6.25V. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. this mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27C4001. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27C4001 with 
Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from Vit to Vin. All other address 
lines must be held at Vit during Electronic Signa- 
ture mode. Byte 0 (AO=ViL) represents the manu- 
facturer code and byte 1 (A0=Vin) the device 
identifier code. For the SGS-THOMSON 
M27C4001, these two identifier bytes are given in 
Table 4 and can be read-out on outputs QO to Q7. 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27C4001 are 
such that erasure begins when the cells are ex- 
posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave- 
lengths in the 3000-4000 Arange. Data shows that 
constant exposure to room level fluorescent light- 
ing could erase a typical M27C4001 in about 3 
years, while it would take approximately 1 week to 
cause erasure when exposed to direct sunlight. If 
the M27C4001 is to be exposed to these types of 
lighting conditions for extended periods of time, it 
is suggested that opaque labels be put over the 
M27C4001 window to prevent unintentional era- 
sure. The recommended erasure procedure for the 
M27C4001 is exposure to short wave ultraviolet 
light which has wavelength of 2537 A. The inte- 
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm?. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 uW/cm? power rating. The M27C4001 
should be placed within 2.5 cm (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 
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ORDERING INFORMATION SCHEME 


Example: M27C4001 -80 X F 1 X 


Sp 
-80 80 ns X + 5% F  FDIP32W 1 Oto70°C X Additional 
-10 100 ns blank  +10% C  PLCC32 6 -40to 85°C Eom) 
42 120ns L  Leccs2w TR Ree 
-15 150 ns N  TSOP32 
-20 200 ns ox eon 


For a list of available options (Speed, Vcc Tolerance, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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M27V401 
LOW VOLTAGE CMOS 


4 Megabit (512K x 8) UV EPROM and OTP ROM 


a LOW VOLTAGE READ OPERATION 

— Vcc Range: 8V to 5.5V (Ta = 0 to 70°C) 

— Vcc Range: 3.2V to 5.5V (Ta = —40 to 85°C) 
= ACCESS TIME: 200 and 250ns 
=» LOW POWER "CMOS" CONSUMPTION: 

— Active Current 15mA 

— Standby Current 20uA 


= SMALL PACKAGES for SURFACE MOUNT- 
ING: 


— Ceramic: LCCC32W, ultra-thin 2.8mm (max) 
height 


— Plastic: PLCC32 and TSOP32 
» PROGRAMMING VOLTAGE: 12.75V 


= PROGRAMMING TIMES of AROUND 48sec. 
(PRESTO Il ALGORITHM) 


@ M27V401 is PROGRAMMABLE as M27C4001 
with IDENTICAL SIGNATURE 


DESCRIPTION 


The M27V401 is a low voltage, low power 4 Mega- 
bit electrically programmable memory (EPROM), 
ideally suited for handheld and portable micropro- 
cessor systems requiring large programs. It is or- 
ganized as 524,288 by 8 bits. 


The M27V401 operates in the read mode with a 
supply voltage as low as 3V (3.2V between —40 to 
85°C). The decrease in operating power allows 
either a reduction of the size of the battery or an 
increase in the time between battery recharges. 


Table 1. Signal Names 


fe | owatenaie 
eo 
oe 


m 


October 1993 


»\ 
ty ay a! 
4 cae 
\ vy 


PLCC32 (K) 


LCCC32W (L) 


4 


TSOP32 (N) 
8 x 20mm 


Figure 1. Logic Diagram 


M27V401 


VAOOB95B 
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Figure 2A. LCC Pin Connections 


M27V401 


VAGO696 


Table 2. Absolute Maximum Ratings “) 


eS 
ta | annonce epee ———SSCSC~*~*~dtCSC~C es 
Tans | Torporvetnierses ———SSSCSC~dSCSC ws 
tere | SeageTorpeae SSC*C eset 
To | wpe Oupe Vea) ew 
vec | Suwpwvonse SS SSSCSC*~dSCtCt 
Te [noes ats 
[ve | Progam supyveiege ——OSCSC~=“~*~‘“~*~srSCSC ws 


Figure 2B. TSOP Pin Connections 


M27V401 
(Normal) 


VAOI156 


Note: This is advance information on a new product now in 


development. Details are subject to change without notice. 


Notes: 1. Except for the rating “Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 


2. Minimum DC voltage on Input or Output is -0.5V with possible undershoot to —2.0V for a period less than 20ns. Maximum DC 
voltage on Output !s Vcc +0.5V with possible overshoot to Vcc +2V for a period less than 20ns. 


DESCRIPTION (cont'd) 


The M27V401 can also be operated as a standard 
4 Megabit EPROM (similar to M27C4001) with a 
5V power supply . 

The 32 pin Window, Leadless Chip Carrier package 
has a transparent lid which allows the user to 


expose the chip to ultraviolet light to erase the bit 
pattern. A new pattern can then be written to the 
device by following the programming procedure. 
For applications where the content is programmed 
only one time and erasure is not required, the 
M27V401 is offered in both Plastic Leaded Chip 
Carrier and Plastic thin Small Outline packages. 


2/9 . 
“<—_________. ky SS;THOMSON 


162 


DEVICE OPERATION 


The modes of operation of the M27V401 are listed 
in the Operating Modes table. A single power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on AQ for Elec- 
tronic Signature. 


Read Mode 


The M27V401 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (teLqv). Data 
is available at the output after a delay of taLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-tcLav. 


Standby Mode 


The M27V401 has a standby mode which reduces 
the active current from 15mA to 20uA with low 
voltage operation Vcc < 3.2V (80mA to 100A with 
a supply of 5.5V), see Read Mode DC Character- 
istics Table for details. The M27V401 is placed in 
the standby mode by applying a CMOS high signal 
to the E input. When in the standby mode, the 
outputs are ina high impedance state, independent 
of the G input. 


Table 3. Operating Modes 


Output Disable 


Note: X = Vin or Vit, Vin = 12V + 0.5V 


Table 4. Electronic Signature 
Manufacturer’s Code PV 


Vin 

Vin 
ViH 
Vit 


M27V401 


Two Line Output Control 


Because EPROMS are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows : 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
Capacitive and inductive loading of the device at the 
output. 


ee ee 
Voc oF Vss 


Vpp 
| VecorVss _| 
| oon 


Vio 


‘ Vit 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4 to 2.4V 


Input and Output Timing Ref. Voltages 0.8 to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST mms C= 100pF 


i 


C, includes JiG capacitance 
VA00828 


Test Condition 
3 


Note: 1. Sampled only, not 100% tested. 


Table 6. Read Mode DC Characteristics 
(Ta = 0 to 70 °C; Vcc = 8V to 5.5V unless specified; Vpp = Vcc) 
(Ta =—40 to 85 °C; Vcc = 3.2V to 5.5V unless specified; Vepp = Vcc) 


Symbol Test Condition | Min 
ae Input Leakage Current OV < Vin $ Vec td 
ere Output Leakage Current OV < Vout S$ Vcc Be el 


E= VIL G= Vit, lout = OMA, 
f = 5MHz, Vcc < 3.2V 


E = Vi, G= Vi, lout = OMA, 
f = 5MHz, Voc = 5.5V 


a ee 
a = 
a 
A 
eS 
[ouipttigh votegeTH | tows toon Sie | 
[Outpt High votage OwOS | tw=—t00uA[veo-aww] |v 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Maximum DC voltage on Output is Voc +0.5V. 
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Table 7. Read Mode AC Characteristics 
(Ta = 0 to 70 °C; Vcc = 8V to 5.5V unless specified; Vpp = Vcc) 
(Ta = —40 to 85 °C; Vcc = 3.2V to 5.5V unless specified; Vpp = Vcc) 


M27V401 
Address Valid to Output Valid | E = me vi| | 200 |__| 260 | ns | 
| tery | toe _|Chip Enable Low to Output Valid Se ee ee 
ee rere Chip Enabe High o Output HZ [sx [ote tote fe 
taoz® | tor [Output Enable High to Output Hi-Z. ao fp 
Address Transition to 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested.. 


Test Condition 


Figure 5. Read Mode AC Waveforms 


Hi-Z 


VA00724 
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Table 8. Programming Mode DC Characteristics ") 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


[Parameter | Testonation [win 
on eee eee 
a 
Te | Pegancuret | Ee | 
a 
a See 
ae 
a 
ae 


a | 
Toupattow otage | ta wai | Odi 
Fount igh Votage | owe ~toonn | aa | 
wen ee 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics “ 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


[symoci [an [| rormeter | Test ovation 
i. a een 
tom | tm | wet Vast Progamton 
ee ee 
Tein | vee | VeeHohtoProgamiow 


t i Chip Enable Low to 
BLE CES | Program Low 
Program Pulse Width 


Program High to Input 
t Input Transition to Output 
OXGL Enable Low 


t Output Enable Low to 
GLOV Output Valid 
(2) Output Enable High to 
Output Htz 
t Output Enable High to 
oe Address Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested.. 
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Figure 6. Programming and Verify Modes AC Waveforms 


tAVEL 
(DATA IN) IN 


La OUT 
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DEVICE OPERATION (cont'd) 


The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 0.1uF ceramic 
Capacitor be used on every device between Vcc 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7uF bulk electrolytic capacitor should be used 
between Vcc and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 


Programming 


The M27V401 has been designed to be fully com- 
patible with the M27C4001. As a result the 


VA00725 


M27V401 can be programmed as the M27C4001 
on the same programmers applying 12.75V on Vpp 
and 6.25V on Vcc. The M27V401 has the same 
electronic signature and uses the same PRESTO 
Il algorithm . 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27V401 are in the "1" 
state. Data is introduced by selectively program- 
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a"1" is by die exposure to ultraviolet 
light (UV EPROM). The M27V401 is in the pro- 
gramming mode when Vpp input is at 12.75V, and 
E andP are at TTL-low. The data to be programmed 
is applied 8 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vcc is specified to be 6.25V + 0.25V. 
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Figure 7. Programming Flowchart 
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E=100us Pulse 


++ Addr 


Voc = O*V,” Vpp = "OV 


Check all Bytes 
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PRESTO Il Programming Algorithm 


PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 52 seconds. Programming with 
PRESTO II involves in applying a sequence of 
100us program pulses to each byte until a correct 
verify occurs. During programming and verify oper- 
ation, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro- 
gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro- 
grammed cell. 


Program Inhibit 


Programming of multiple M27V401s in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs including G of the parallel 
M27V401 may be common. ATTL low level pulse 
applied to a M27V401’s E input, with P low and Vpp 
at 12.75V, will program that M27V401. Ahigh level 
E input inhibits the other M27V401s from being 
programmed. 
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Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with G at 
Vit, E at Vin,, Vep at 12.75V and Vcc at 6.25V. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27V401. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27V401, with Vep = Vcc 
= 5V. Two identifier bytes may then be sequenced 
from the device outputs by toggling address line AO 
from Vit to Vin. All other address lines must be held 
at Vit during Electronic Signature mode. 


Byte 0 (AO=ViL) represents the manufacturer code 
and byte 1 (AO=Vjx) the device identifier code. For 
the SGS-THOMSON M27V401, these two identi- 
fier bytes are given in Table 4 and can be read-out 
on outputs QO to Q7. Note that the M27V401 and 
M27C4001 have the same identifier bytes . 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27V401 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27V401 in about 3 years, while it 
would take approximately 1 week to Cause erasure 
when exposed to direct sunlight. If the M27V401 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M27V401 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27V401 is exposure to 
short wave ultraviolet light which has a wavelength 
of 2537A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm?. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi- 
olet lamp with 12000 uW/cm? power rating. The 
M27V401 should be placed within 2.5 cm (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re- 
moved before erasure. 
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ORDERING INFORMATION SCHEME 


Example: M27V401 -200 K 6 TR 


feriperstire Hanae 


-200 200 ns K PLCC32 1 Oto70°C TR Tape & Reel 
-250 250ns L Loeccsew 6 -40to85°C Packing 
N  TSOP32 
8x 20mm 


For a list of available options (Speed, Package, Temperature Range, etc...) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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CMOS 4 Megabit (256K x 16) UV ERROM and OTP ROM 


a VERY FAST ACCESS TIME: 80ns 


# COMPATIBLE with HIGH SPEED MICROPRO- 
CESSORS, ZERO WAIT STATE 


=» LOW POWER "CMOS" CONSUMPTION: 
— Active Current 50mA at 5MHz 
— Standby Current 100A 

= PROGRAMMING VOLTAGE: 12.75V 


# ELECTRONIC SIGNATURE for AUTOMATED 
PROGRAMMING 


=» PROGRAMMING TIMES of AROUND 24sec. 
(PRESTO I] ALGORITHM) 


DESCRIPTION 


The M27C4002 is a high speed 4 Megabit UV 
erasable and programmable memory (EPROM) 
ideally suited for microprocessor systems requiring 
large programs. It is organised as 262,144 by 16 
bits. 


The Window Ceramic Frit-Seal Dual-in-Line and 
J-Lead Chip Carrier packages have transparent 
lids which allow the user to expose the chip to 
ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow- 
ing the programming procedure. 


For applications where the content is programmed 
only one time and erasure is not required, the 
M27C4002 is offered in Plastic Leaded Chip Carrier 
package. 


Table 1. Signal Names 


ee or 
Cin | Pen Sy 
a 
ee 
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PLCC44 (C) 


JLOC44W (J) 


FDIP40W (F) 


Figure 1. Logic Diagram 
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Figure 2A. DIP Pin Connections 


1 

2 
3 
4 
5 
6 
7 
8 
9 
1 


0 31 
M27C4002 
aly 30 


| vio @ Input or Output Voltages (except AQ) 


Ambient Operating Temperature —40 to 125 °C 
Temperature Under Bias —50 to 125 
Storage Temperature —65 to 150 


Parameter 


ee ee 


Figure 2B. LCC Pin Connections 
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Notes: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended penods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 


2. Minimum DC voltage on Input or Output is -0.5V with possible undershoot to —2.0V for a period less than 20ns. Maximum DC 
voltage on Output is Vcc +0.5V with possible overshoot to Vcc +2V for a period less than 20ns. 


DEVICE OPERATION 


The modes of operations of the M27C4002 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on AQ 
for Electronic Signature. 


Read Mode 


The M27C4002 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 


Output Enable (G) is the output contro! and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (tetav). Data 
is available at the output after a delay of taLaqv from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-tGLav. 


Standby Mode 


The M2704002 has a standby mode which re- 
duces the active current from 50mA to 100uA. The 
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DEVICE OPERATION (cont'd) 


M27C4002 is placed in the standby mode by ap- 
plying a CMOS high signal to the E input. When in 
the standby mode, the outputs are in a high imped- 
ance state, independent of the G input. 


Two Line Output Control 


Because EPROMS are usually used in larger mem- 
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 


Table 3. Operating Modes 


Vin 
Program Inhibit Vin 


M27C4002 


the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
output capacitive and inductive loading of the de- 
vice. 


The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 0.1u.F ceramic 
capacitor be used on every device between Vcc 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7uF bulk electrolytic capacitor should be used 
between Vcc and Vss for every eight devices. The 
bulk capacitor should be located near the power 
Supply connection point.The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27C4002 are in the "1" 
state. Data is introduced by selectively program- 
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1s" and "Os" 
can be present in the data word. The only way to 
changea "0" toa"1" is by die exposure to ultraviolet 
light (UV EPROM). The M27C4002 is in the pro- 
gramming mode when Vpp input is at 12.75V, and 
E is at TTL-low. The data to be programmed is 
applied 16 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vcc is specified to be 6.25V + 0.25V. 


Standby 


Electronic Signature Vit 


Note: X = Vin or Vit, Vio = 12V + 0.5V 


Table 4. Electronic Signature 


Manufacturer's Code 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 
Input and Output Timing Ref. Voltages  0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST Ess Orn C, =1 OOpF 


VA00826 C,; includes JiG capacitance 


VA00828 


Table 5. Capacitance ™ (Ta = 25 °C, f = 1 MHz) 


Symbol Test Condition 
Input Capacitance 
Output Capacitance 


Note: 1. Sampled only, not 100% tested. 


Figure 5. Read Mode AC Waveforms 


VALID 


DATA OUT 
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Table 6. Read Mode DC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vep = Voc) 


Symbol Test Condition | Min | _—Max__|_Unit_| 
Input Leakage Current OV<VnsVec =| | St] 
Output Leakage Current OV<VoursVoc | | S| 

Icc 


E=Vn, G= Vi, 
lout = OmA, f= 10MHz aa 70 
Supply Current = ee 
E=Vi,G=Vu, a 
lour = OmA, f = 5MHz 


90 
Supply Current Standby) TTL | E=Vm | | ma 
Supply Current (Standby) CMOS E > Voc - 0.2V aaa | 
[Program Curent | Vee=Voo | ft |v 


Input Low Voltage nee) eS Se ee 
Input High Voltage a ae 
Output Low Voltage lo. = 2.1mA 
Output High Voltage TTL lon = 400A = 2 ae 
Von 
Output High Voltage CMOS lon = 100A Vec-0.7V] 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp 
2. Maximum DC voltage on Output is Vcc +0 5V. 


Table 7A. Read Mode AC Characteristics “ 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Vcc) 


Test Condition 


padiossVaidioGuipavaid [E=veGave| | 00 |_| 100 | 120| na 
Tew | tee [chip Enabie Low'to Ouputvaid | G=ve | [80 | [100 [120] ns 
Ttevay | toe [output able vow o Ouiput Vata] E=ve | [40 | [s0| [0 | ns 
evar | tor [hip Enabio High to ouputtiz | G=ve [0 [s0[ 0] <0] 0|40| ns 
Ftanoz®™ | tor [Output Enable Highto OuputtZ| —E=ve [0 [a0 | 0 [50 [0 [40 | ns 


seme’ few aul ol [ol fol fs 


Table 7B. Read Mode AC Characteristics “ 
(Ta = 0 to 70 °C or —40 to 85 °C; Vec = 5V + 5% or 5V + 10%; Vpp = Voc) 


jee | | mee ; a 
| Min | Max | min | Max 
| tavav__| taco [Address Valid to Output Vaid | E=VinG=Vn] | 150 | | 200 | ns_| 
| terv | toe _|ChipEnableLowto Outputvaid | G=vn | | 150 | __|_200 | ns_ 
| trv | toe [Output Enable Low to Output Valid| E=Ve__ | | 60 | | 70 | as _| 
| tenoz® | tor [Chip Enable High toOutputHtz | G=vn | o | 50 | o | 80 | ns | 
| towoz® | tor [Output Enable High to OutputHiZ| =v |_| : 
fe [ws fear fieween] ©] fo De 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp 
2. Sampled only, not 100% tested. 


Parameter 


Test Condition 
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Table 8. Programming Mode DC Characteristics “) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Test Condition 


Input Leakage Current O< Vin S$ Vec 


Supply Current 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics ™ 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


[symtat | au | Povmetw | Test ovation [ain | wat 

rea a a 

Tom [es [hous chico ow [ef 
a 
a ee 


Vpp High to Chip Enable Low 
Vcc High to Chip Enable Low 


[oe | m agpmerenre Tw [ae Po 

a ee 

Pm [om [ermemroes | Te 

Pow | ageeenerneer [Pe 

[on [me fapresnnnnons [ee Pe 

[om [= [amare [TT 
Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 
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Figure 6. Programming and Verify Modes AC Waveforms 


AQ—A17 


a 


tAVEL 


QO-Q15 


VPP 
tVPHEL 


VCC 


m| 


Q | 


——— PROGRAM —————*r¢—— VERIFY = ——> 


Figure 7. Programming Flowchart 
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PRESTO Il Programming Algorithm 


PRESTO Ii Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
margin, in a typical time of less than 24 seconds. 
Programming with PRESTO II consists of applying 
a sequence of 100us program pulses to each byte 
until a correct verify occurs. During programming 
and verify operation, a MARGIN MODE circuit is 
automatically activated in order to guarantee that 
each cell is programmed with enough margin. No 
overprogram pulse is applied since the verify in 
MARGIN MODE provides necessary margin to 
each programmed cell. 


Program Inhibit 


Programming of multiple M27C4002s in parallel 
with different data is also easily accomplished. 
Except for E, all like inputs including G of the 
parallel M27C4002 may be common. A TTL low 
level pulse applied to a M27C4002’s E input, with 
Vpp at 12.75V, will program that M27C4002. Ahigh 
level E input inhibits the other M27C4002s from 
being programmed. 


Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with G at 
Vit, E at Vin, Vpp at 12.75V and Vcc at 6.25V. 
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Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27C4002. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27C4002 with 
Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from Vit to Vin. All other address 
lines must be held at Vi during Electronic Signa- 
ture mode. Byte 0 (A0=ViL) represents the manu- 
facturer code and byte 1 (A0O=Vin) the device 
identifier code. For the SGS-THOMSON 
M27C4002, these two identifier bytes are given in 
Table 4 and can be read-out on outputs QO to Q7. 


ORDERING INFORMATION SCHEME 


Example: 


M27C4002 -10 X F 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27C4002 are 
such that erasure begins when the cells are ex- 
posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that 
sunlight and some type of fluorescent lamps have 
wavelengths in the 3000-4000 Arange. Research 
shows that constant exposure to room level fluo- 
rescent lighting could erase a typical M27C4002 in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C4002 is to be exposed to 
these types of lighting conditions for extended pe- 
riods of time, it is suggested that opaque labels be 
put over the M27C4002 window to prevent uninten- 
tional erasure. The recommended erasure proce- 
dure for the M27C4002 is exposure to short wave 
ultraviolet light which has wavelength 2537 A. The 
integrated dose (i.e. UV intensity x exposure time) 
for erasure should be a minimum of 15 W-sec/cm2. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 uW/cem? power rating. The M27C4002 
should be placed within 2.5cm (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 


1 X 


Temperature Range 


-80 80 ns x + 5% F FDIP4AOW 1° Oto70°C X Additional 
-10 100 ns blank  +10% C  PLCC44 6 -40to85°C Bun 

412 120ns J sLecaaw oe ee 
-15 150 ns 

-20 200 ns 


For a list of available options (Speed, Vcc Tolerance, Package etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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CMOS 16 Megabit (2M x 8 or 1M x 16) UV EPROM 


ADVANCE DATA 


=» FAST ACCESS TIME: 150ns 
=» WORD-WIDE or BYTE-WIDE CONFIGURABLE 
= 16 Megabit, 42 Pin, MASK ROM COMPATIBLE 
=» LOW POWER CONSUMPTION 

— Active Current 70mA at 8MHz 

— Standby Current 100uA 
= PROGRAMMING VOLTAGE 12.5V + 0.3V 


= PROGRAMMING TIME of AROUND 10sec. 
(PRESTO II ALGORITHM) 


DESCRIPTION 


The M27C160 is a 16 Megabit UV erasable and 
programmable memory (EPROM) ideally suited for 
microprocessor systems requiring large data or 
program storage. It is organised as either 2M words 
of 8 bit or 1M words of 16 bit. The pin-out is 
compatible with a 16 Megabit Mask ROM. 


The 42 pin Window Ceramic Frit-Seal package has 
a transparent lid which allows the user to expose 
the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written rapidly to the 
device by following the programming procedure. 


Table 1. Signal Names 


fe [empene 
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FDIP42W (F) 


Figure 1. Logic Diagram 
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This is advance information on a new product now tn development or undergoing evaluation. Details are subject to change without notice. 
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Table 2. Absolute Maximum Ratings 


Input or Output Voltages (except AY) 


10 ( 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification 1s not implied Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents 


2. Minimum DC voltage on Input or Output is —-0.5V with possible undershoot to —2 OV for a period less than 20ns. Maximum DC 
voltage on Output is Vcc +0.5V with possible overshoot to Vcc +2V for a period less than 20ns. 


Figure 2. DIP Pin Connections 
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DEVICE OPERATION 


The operating modes of the M27C160 are listed in 
the Operating Modes Table. A single 5V supply is 
required in the read mode. All inputs are TTL com- 
patible except for Vpp and 12V on AQ for the 
Electronic Signature. 


a ee STI SGS-THO 


Read Mode 


The M27C160 has two organisations, Word-wide 
and Byte-wide. The organisation is selected by the 
signal level on the BYTEVpp pin. When BYTEVpp 
is at Vin the Word-wide organisation is selected and 
the Q15A-1 pin is used for Q15 Data Output. When 
the BYTEVpp pin is at Vi_ the Byte-wide organisa- 
tion is selected and the Q15A-1 pin is used for the 
Address Input A-1. When the memory is logically 
regarded as 16 bit wide, but read in the Byte-wide 
organisation, then with A-1 at Vit the lower 8 bits of 
the 16 bit data are selected and with A-1 at Vin the 
upper 8 bits of the 16 bit data are selected. 


The M27C160 has two control inputs, both of which 
must be logically active in order to obtain data at 
the outputs. In addition the Word-wide or Byte- wide 
organisation must be selected. The E signal is the 
power control and should be used for device selec- 
tion. The G signal is the output control and should 
be used to gate data to the output pins. With E=Vit 
and G=Vi_ the output data will be valid in a time 
tavav after the all address lines are valid and stable. 
The Chip Enable to Output Valid time teLav is equal 
to the Address Valid to output Valid time tavav. 
When the Addresses are valid and E=ViL, the out- 
put data is valid after a time of teLav from the falling 
edge of the Output Enable signal. 


Standby Mode 


The M27C160 has a standby mode which reduces 
the active current from 50mA (f = 5MHz) to 100uA. 
The standby mode is entered by applying a CMOS 
high level Voc —0.2V to E. When in the standby 
mode the outputs are in an high impedance state, 
independant of the G input level. 
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Table 3. Operating Modes 


ee 
Foupunseve | ww | x pe | | we | 
Trrovam ‘| veruse | vw | ve [x | oon | Daan | ban 
ee 
Perper tnat | vw | ww | ve [x | wz | mz | az 


Note: X = Vin or Vi, Vio = 12V + 0.5V 


Table 4. Electronic Signature 


Manufacturer’s Code 


Table 5. Read Mode DC Characteristics ™ 
(Ta = 0 to 70 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


Symbol TestCondition | Min | Max | Unit 
—_ Input Leakage Current OV < Vin $ Vec | = 


E=Vi, G=Vi, 
lout = OMA, f = 8Mhz 


Te Yow i cc 
a (a Ta DT 
ce [oui Sion crs Cure —[noe2ered | [100 [ma 
nC 
TW [iparonvetigs ee Pv 
[Teo [Pe 
[vor [oupatin vorsgeTtt [ove enua [ee [fv 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously with or after Vep. 
2. Sampled only, not 100% tested. 
3. Output shortcircuited for no more than one second. No more than one output shorted at a time. 
4. Maximum DC voltage on Output is Vec +0.5V 


Supply Current 
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Table 6. Read Mode AC Characteristics “) 
(Ta = 0 to 70 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


“ al 


Address Valid to Output Valid 
BYTE High to Output Valid 
Chip Enable Low to Output Valid 


tay | te 


Output Enable Low to Output 
Valid 


| terox | ton | BYTE Low to Output Transition E=Vi,G=Vi 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vep 
2. Sampled only, not 100% tested. 


tst 
tce 

TD 
tor 
tor 
toH 
tou 


Figure 3. Word-Wide Read Mode AC Waveforms 


VALID 


tAXQX 


DATA OUT 


VA00741 


Note: BYTEVpp = Vin 


4/9 - 
“@______y scs-omsow 


182 


M27C160 


Figure 4. Byte-Wide Read Mode AC Waveforms 


A-1, AO—A19 


(ara) 


DATA OUT 


VA00742 


Note: BYTEVpp = Vit 


Figure 5. BYTE Transition AC Waveforms 


DATA OUT 


DATA OUT 


VA00743 


Note: EandG=Vi 
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AC Measurement Conditions Figure 7. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 6. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST Cy =100pF 


I 


C, includes JIG capacitance 
VA00828 


Test Condition 


Note: 1. Sampled only, not 100% tested. 


Table 8. Programming Mode DC Characteristics 
(TA = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.5V + 0.3V) 


Test Condition | Min 
Input Leakage Current | osvwsvec | st uA 


| tec __| Supply Gurren as 
| tre | Programourent |= Vi EO 
| Ve | input Low Vottage ee eee 


[ouimttowvatege | tmezina | Sido] 


Output High Voltage TTL ln=-25mA | 35 | 
| Vo | Aa Vottage ne ee ee 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
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Table 9. Programming Mode AC Characteristics “) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.5V + 0.8V) 


| symboi_ | ait | Parameter | TestConcttion | win | Max | Unit 
Tw | ve [aienevaistocrpcraveiw | | 2 || ae 
tom | bs | rauvaidtocnipembaton | ste | de 
mow | ne | Vortigntonaisvara | Sie | 
vem | hes [Veotahioasieesvers | «ite || 
| teen | tw Chip Enable Program Pulse Width 


aa 


Output Enable Low to Output Valid 


taHaz © Output Enable High to Output Hi-Z 


t ' Output Enable High to Address 
oe an Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 


Figure 8. Programming and Verify Modes AC Waveforms 


tVPHAV 


tVCHAV 


VERIFY 
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Figure 9. Programming Flowchart 


E=10us Pulse 


++Addr 


Check all words 
VA00745 


Output Disable Mode 


When EPROMS are used in memory arrays two line 
output contro! should be used. This function uses 
the output disable mode which allows: 


a. the lowest possible power consumption 


b. complete assurance that output bus contention 
will not occur 


For the best use of the two control lines E and G, 
the input E should be decoded and used as the 
primary selection, while G should be made a com- 
mon connection to all memories in the array. G 
should be connected to the READ signal of the 
system bus. This will ensure that all deselected 
devices are in the low power standby mode and 
that the output lines are only active when data is 
required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMS reaquire carefull decoupliing of the 
supplies to the devices. The supply current Icc has 
three segments of importance to the system de- 
signer: the standby current, the active current and 
the transient peaks that are produced by the falling 
and rising edges of E. 


8/9 hyp S&S:TH 


The magnitude of the transient current peaks is 
dependant on the capacititive and inductive loading 
of the device outputs. The associated transient 
voltage peaks can be supressed by complying with 
the two line output control and by properly selected 
decoupling capacitors. It is recommended that a 
0.1uF ceramic capacitor is used on every device 
between Vcc and Vss. This should be a high fre- 
quency type of low inherent inductance and should 
be placed as close as possible to the device. In 
addition, a 4.7F electrolytic capacitor should be 
used between Vcc and Vss for every eight devices. 
This capacitor should be mounted near the power 
supply connection point. The purpose of this capac- 
itor is to overcome the voltage drop caused by the 
inductive effects of PCB traces. 


Programing 


When first delivered, and after erasure for UV 
EPROMs, all bits are in the "1" logic state (Output 
High). Data with both "1’s" and "0’s" is applied and 
the "Os" are programed into the memory array. For 
programing Vcc is raised to 6.25V. The M27C160 
is in the Program Mode when Vpp is at 12.75V, G 
is at Vin and E is pulsed to Vit. Data to be pro- 
gramed is applied 16 bits in parallel to the data 
output pins QO - Q15. 


PRESTO Ill Algorithm 


The PRESTO Ill Algorithm allows the whole 16 
Megabit array to be programed with a guaranteed 
margin in a typical time of less than 10 seconds. 
The algorithm applies a series of 10us program 
pulses to each word until a correct verify is made. 
During programing and verify a MARGIN MODE 
circuit is automatically activated to guarantee that 
each cell is programed with an adequate margin. 
No overprogram pulse is applied since the verify in 
MARGIN MODE provides the neccessary thresh- 
old margin for each cell. 


Program Inhibit 


Multiple M27C160s may be programed in parallel 
with different data. This is done by putting in parallel 
all inputs except E and G. With Vcc at 6.25V and 
Vpp at 12.5V, data should be applied to all devices 
and G placed at Vin. Low level pulses on the E of 
one device will program that device. 


Program Verify 


After each program pulse a verify read is made by 
reading the data output with Vcc at 6.25V, Vpp at 
12.5V and G placed at VIL. 


Electronic Signature 


The Electronic Signature Mode allows a binary 
code to be read from the EPROM which identifies 
the Manufacturer and Device Type. These codes 
are intended to be used to match the programing 
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equipment to the device being programed and its 
corresponding algorithm. 


The Electronic Signature Mode is activated by ap- 
plying a voltage Vip of 12V to the Address line A9 
and Vit to all other Address lines, with E and G at 
Vit and BYTE at Vin. The identifier bytes may be 
read from either QO-Q7 or Q8-Q15. With Address 
line AO at Vit the byte output is the Manufacture’s 
code, with AO at Vin the byte identifies the Device 
Type. The codes for the SGS-THOMSON 
M27C160 are given in Table 4. 


Erasure 


The erasure of the M27C160 begins when the cells 
are exposed to light of wavelengths shorter than 
approximately 4000 A. Sunlight and some types of 
fluorescent lamps have wavelengths in the 3000 - 


ORDERING INFORMATION SCHEME 


M27C160 


Example: 


Vcc Tolerance 


-150 150 ns X +5% 
-200 200 ns blank + 10% 


M27C160 


4000 A range. Constant exposure to room level 
fluorescent lighting could erase a typical EPROM 
in about 3 years, while it takes approximately 170 
hours to cause erasure when exposed to direct 
sunlight. To prevent accidental erasure it is recom- 
mended that opaque labels be placed over the 
M27C160 window. 


The erase procedure for the M27C160 is exposure 
to UV light with a wavelength of 2537 A. The 
integrated dose (UV intensity x time) for erasure 
should be a minimum of 15 W-sec/cm?. The erase 
time with this dosage is 15 to 20 minutes using an 
UV lamp with 12,000 unW/cm rating. The M27C160 
should be placed within 2.5cm of the lamp tube 
during erasure. No filter should be used on the 
lamp. 


-200 X F 1 


Temperature Range 


F FDIP42W 1 Oto 70°C 


For a list of available options (Speed, Vcc Tolerance, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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Ays 36> THOMSON M2716 


NMOS 16K (2K x 8) UV EPROM 


= 2048 x 8 ORGANIZATION 


=» 525mW Max ACTIVE POWER, 1382mW Max 
STANDBY POWER 


» ACCESS TIME: 
— M2716-1 is 350ns 
— M2716 is 450ns 
mw SINGLE 5V SUPPLY VOLTAGE 
a STATIC-NO CLOCKS REQUIRED 


1 
# INPUTS and OUTPUTS TTL COMPATIBLE FDIP24W (F) 
DURING BOTH READ and PROGRAM MODES 


=» THREE-STATE OUTPUT with TIED-OR- CAPA- 
BILITY 


» EXTENDED TEMPERATURE RANGE 
=» PROGRAMMING VOLTAGE: 25V 


Figure 1. Logic Diagram 


DESCRIPTION 


The M2716 is a 16,384 bit UV erasable and elec- 
trically programmable memory EPROM, ideally 
suited for applications where fast turn around and 
pattern experimentation are important require- 
ments. 

The M2716 is housed in a 24 pin Window Ceramic 
Frit-Seal Dual-in-Line package. The transparent lid 
allows the user to expose the chip to ultraviolet light 
to erase the bit pattern. A new pattern can then be 
written to the device by following the programming 
procedure. 


Table 1. Signal Names 


[ee | onpemae/Pogan 
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Supply Voltage 
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Table 2. Absolute Maximum Ratings 


symbol | Parameter | Vatu | Unit 


Ta Ambient Operating Temperature grade 1 0 to 70 °C 
grade 6 —40 to 85 

TBIAS Temperature Under Bias grade 1 —10 to 80 °C 
grade 6 —50 to 95 


Program Supply —0.3 to 26.5 
Power Dissipation 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


Figure 2. DIP Pin Connections 


VA00785 


DEVICE OPERATION 


The M2716 has 3 modes of operation in the normal 
system environment. These are shown in Table 3. 


Read Mode. The M2716 read operation requires 
that G = Vi_, EP = Vit and that addresses AO-A10 
have been stabilized. Valid data will appear on the 
output pins after time tavav, taLav or teLav (see 
Switching Time Waveforms) depending on which is 
limiting. 


Deselect Mode. The M2716 is deselected by mak- 
ing G = Vin. This mode is independent of EP and 
the condition of the addresses. The outputs are 
Hi-Z when G = Vin. This allows tied-OR of 2 or more 
M2716’s for memory expansion. 


Standby Mode (Power Down). The M2716 may 
be powered down to the standby mode by making 
EP = Vin. This is independent of G and automati- 
cally puts the outputs in the Hi-Z state. The power 
is reduced to 25% (132 mW max) of the normal 
operating power. Vcc and Vpp must be maintained 
at 5V. Access time at power up remains either tavav 
or teLav (See Switching Time Waveforms). 


Programming 


The M2716 is shipped from SGS-THOMSON com- 
pletely erased. All bits will be at “1" level (output 
high) in this initial state and after any full erasure. 
Table 3 shows the 3 programming modes. 


Program Mode. The M2716 is programmed by 
introducing “O's into the desired locations. This is 
done 8 bits (a byte) at atime. Any individual address, 
sequential addresses, or addresses chosen at ran- 
dom may be programmed. Any or all of the 8 bits 
associated with an address location may be pro- 
grammed with a single program pulse applied to the 
EP pin. All input voltage levels including the program 
pulse on chip enable are TTL compatible. 


The programming sequence is: with Vpp = 25V, Vcc 
= 5V, G= Vin and EP = Vi, an address is selected 
and the desired data word is applied to the output 
pins (Vi_ = “O" and Vin = "1" for both address and 
data). After the address and data signals are stable 
the program pin is pulsed from Vit to Vin with a 


2/7 [ST SGS-THOMSON 


WIGROELECTRONICS 


192 


DEVICE OPERATION (cont'd) 


pulse width between 45ms and 55ms. Multiple 
pulses are not needed but will not cause device 
damage. No pins should be left open. A high level 
(Vin or higher) must not be maintained longer than 
tpHpL (max) on the program pin during program- 
ming. M2716’s may be programmed in parallel in 
this mode. 


Program Verify Mode. The programming of the 
M2716 may be verified either one byte at a time 
during the programming (as shown in Figure 6) or 
by reading all of the bytes out at the end of the 
programming sequence. This can be done with 
Vpp = 25V or 5V in either case. Vpp must be at 5V 
for all operating modes and can be maintained at 
25V for all programming modes. 


Program Inhibit Mode. The program inhibit mode 
allows several M2716’s to be programmed simul- 
taneously with different data for each one by con- 
trolling which ones receive the program pulse. All 
similar inputs of the M2716 may be paralleled. 
Pulsing the program pin (from Vit to Vin) will pro- 
gram a unit while inhibiting the program pulse to a 
unit will keep it from being programmed and keep- 
ing G = Vin will put its outputs in the Hi-Z state. 


Table 3. Operating Modes 


Read 


Program Inhibit 


Standby 


Note: X = Vin or Vi. 


ky SGS-THOMSON 
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ERASURE OPERATION 


The M2716 is erased by exposure to high intensity 
ultraviolet light through the transparent window. 
This exposure discharges the floating gate to its 
initial state through induced photo current. It is 
recommended that the M2716 be kept out of direct 
sunlight. The UV content of sunlight may cause 
a partial erasure of some bitsin a relatively short 
period of time. 


An ultraviolet source of 2537 A yielding, a total 
integrated dosage of 15 watt-seconds/cm? power 
rating is used. The M2716 to be erased should be 
placed 1 inch away from the lamp and no filters 
should be used. 


An erasure system should be calibrated periodi- 
cally. The erasure time is increased by the square 
of the distance (if the distance is doubled the 
erasure time goes up by a factor of 4). Lamps lose 
intensity as they age, it is therefore important to 
periodically check that the UV system is in good 
order. 


This will ensure that the EPROMs are being com- 
pletely erased. Incomplete erasure will cause 
symptoms that can be misleading. Programmers, 
components, and system designs have been er- 
roneously suspected when incomplete erasure 
was the basic problem. 


pve | aoa 
ee ee 
| Ver | ata in 
| VerorVec | Data Out__| 
ee ee 
a ee ee 
pec |Z 


Vpp or Vcc 


3/7 


MICROELECTRONICS 


193 


M2716 


AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.45V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST mms C= 1 00pF 


I 


C; includes JIG capacitance 
VA00828 


Symbo 
Input Capacitance 
Output Capacitance 


Note: 1. Sampled only, not 100% tested. 


4 


Table 5. Read Mode DC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vep = Vcc) 


Program Current 


Cn 
vu [nputtowvetogs pide 
ve [pation vgs Sd We 
Tv [oupattowvonse | mean dT ios | 
vow [oupurignvetage | twat ee i 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
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Table 6. Read Mode AC Characteristics “ 
(Ta = 0 to 70 °C or —40 to 85 °C; Vec = 5V + 5% or 5V + 10%; Vep = Voc) 


~ ne 


Address Valid to Output Valid 
Chip Enable Low to Output Valid 
Output Enable Low to Output Valid 


Test Condition 


EP=Vi, G=Vi 


| teraz ® | too_|Chip Enable High to Output Hi-Z 
Output Enable High to Output Hi-Z 
to {Address Transition to Output Transition | EP= Vu, G=Vit 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 


Figure 5. Read Mode AC Waveforms 
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Table 7. Programming Mode DC Characteristics 
(Ta = 25 °C; Voc = 5V + 5%: Vep = 25V + 1V) 


[parameter [Test onation [win 
Tis | rpattzckage Curent VasVnsvm [| 0 aa 
[ee [support 
a aml! 
Tw [patton votege te Pe 
[iputtigh vetage | SSC*dCk eet | 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vep. 
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Table 8. Programming Mode AC Characteristics “ 
(Ta = 25 °C: Voc = 5V + 5%; Vpp = 25V + 1V) 


Symbol 
Address Valid to Program High G= 
Input Valid to Program High G= 


tGHPH Output Enable High to Program 
High 


pat _| 
i 
, 
[toe 


Test Condition 


q) 
S 
aa 


Program Pulse Width 
Program Low to Input Transition 


tpLax Program Low to Output Enable 
Transition 


Output Enable to Output Valid EP =Vit 
Output Enable High to Output Hi-Z 
Program Low to Address Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 


= 


Figure 6. Programming and Verify Modes AC Waveforms 


tPLAX 


tAVPH 
DATA OUT 
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ORDERING INFORMATION SCHEME 


Example: M2716 -1 F 1 


ed 


Speed and Vcc Tolerance Temperature Range 


-1 350 ns, 5V +10% F FDIP24W 1 0 to 70 °C 
blank 450 ns, 5V +5% 6 —40 to 85 °C 


For a list of available options (Speed, Vcc Tolerance, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact S€S-THOMSON Sales Office nearest 
to you. 
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MICROELECTRONICS M2732A 


NMOS 32K (4K x 8) UV EPROM 


a FAST ACCESS TIME: 200ns 

= EXTENDED TEMPERATURE RANGE 
a SINGLE 5V SUPPLY VOLTAGE 

= LOW STANDBY CURRENT: 35mA max 


# INPUTS and OUTPUTS TTL COMPATIBLE 
DURING READ and PROGRAM 


m COMPLETELY STATIC 


DESCRIPTION 


The M2732A is a 32,768 bit UV erasable and 
electrically programmable memory EPROM. It is 
organized as 4,096 words by 8 bits. The M2732A 
with its single 5V power supply and with an access 
time of 200 ns, is ideal suited for applications where 
fast turn around and pattern experimentation one 
important requirements. 

The M2732Ais honsed in a 24 pin Window Ceramic 
Frit-Seal Dual-in-Line package. The transparent lid 
allows the user to expose the chip to ultraviolet light 
to erase the bit pattern. A new pattern can be then 
written to the clerice by following the programming 
procedure. 


Table 1. Signal Names 
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FDIP24W  (F) 


Figure 1. Logic Diagram 
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Table 2. Absolute Maximum Ratings 


Ambient Operating Temperature 


TA 
Temperature Under Bias 


Symbol 


grade 1 
grade 6 


grade 1 
grade 6 


0 to 70 °C 
—40 to 85 
—50 to 95 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated tn the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


Figure 2. DiP Pin Connections 
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DEVICE OPERATION 


The six modes of operation for the M2732A are 
listed in the Operating Modes Table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL level except for Vpp. 


Read Mode 


The M2732A has two control functions, both of 
which must be logically satisfied in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 


be used to gate data to the output pins, indepen- 
dent of device selection. 


Assuming that the addresses are stable, address 
access time (tavaq) is equal to the delay from E to 
output (teLqv). Data is available at the outputs after 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-teLav. 


Standby Mode 


The M2732A has a standby mode which reduces 
the active power current by 70 %, from 125 mA to 
35 mA. The M2732A is placed in the standby mode 
by applying a TTL high signal to E input. When in 
standby mode, the outputs are in a high impedance 
state, independent of the GVpp input. 


Two Line Output Control 


Because M2732A’s are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


To most efficiently use these two control lines, it is 
recommended that E be decoded and used as the 
primary device selecting function, while G should 
be made a common connection to all devices in the 
array and connected to the READ line from the 
system control bus. 


This ensures that all deselected memory devices 
are in their low power standby mode and that the 
output pins are only active when data is required 
from a particular memory device. 
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Programming 


When delivered, and after each erasure, all bits of 
the M2732A are in the “1" state. Data is introduced 
by selectively programming ”0’s" into the desired 
bit locations. Although only “0O’s” will be pro- 
grammed, both “1’s” and “O’s” can be presented in 
the data word. The only way to change a “O" toa 
1" is by ultraviolet light erasure. 


The M2732A is in the programming mode when the 
GVpp input is at 21V. A 0.1uF capacitor must be 
placed across GVpp and ground to suppress spu- 
rious voltage transients which may damage the 
device. The data to be programmed is applied, 8 
bits in parallel, to the data output pins. The levels 
required for the address and data inputs are TTL. 


When the address and data are stable, a 50ms, 
active low, TTL program pulse is applied to the E 
input. A program pulse must be applied at each 
address location to be programmed. Any location 
can be programmedat any time - either individually, 
sequentially, or at random. The program pulse has 
a maximum width of 55ms. The M2732A must not 
be programmed with a DC signal applied to the E 
input. 


Programming of multiple M2732As in parallel with 
the same data can be easily accomplished due to 
the simplicity of the programming requirements. 
Inputs of the paralleled M2732As may be con- 
nected together when they are programmed with 
the same data. Alow level TTL pulse applied to the 
E input programs the paralleled 2732As. 


Program Inhibit 


Programming of multiple M2732As in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs (including GVpp) of the parallel 
M2732As may be common. A TTL level program 


Table 3. Operating Modes 


Read 


Vit Pulse 


Note: X = Vin or Vit. 
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pulse applied to a M2732A’s E input with GVpp at 
21V will program that M2732A. A high level E input 
inhibits the other M2732As from being pro- 
grammed. 


Program Verify 


A verify should be performed on the programmed 
bits to determine that they were correctly pro- 
grammed. The verify is carried out with GVpp and 
E at Vi. 


ERASURE OPERATION 


The erasure characteristics of the M2732A are 
such that erasure begins when the cells are ex- 
posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that sunlight- 
and certain types of fluorescent lamps have wave- 
lengths in the 3000-4000 A range. Research shows 
that constant exposure to room level fluorescent 
lighting could erase a typical M2732A in approxi- 
mately 3 years, while it would take approximately 
1 week to cause erasure when exposed to the 
direct sunlight. If the M2732A is to be exposed to 
these types of lighting conditions for extended pe- 
riods of time, it is suggested that opaque labels be 
put over the M2732A window to prevent uninten- 
tional erasure. 


The recommended erasure procedure for the 
M2732A is exposure to shortwave ultraviolet light 
which has a wavelength of 2537 A. The integrated 
dose (i.e. UV intensity x exposure time) for erasure 
should be a minimum of 15 W-sec/cem*. The era- 
sure time with this dosage is approximately 15 to 
20 minutes using an ultraviolet lamp with 12000 
W/cm? power rating. The M2732A should be 
placed within 2.5 cm of the lamp tubes during 
erasure. Some lamps have a filter on their tubes 
which should be removed before erasure. 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.45V to 2.4V 
Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST mee CL = 1OO0pF 


Fi 


VA00827 C; includes JlG capacitance 


VA00828 


Table 4. Capacitance ") (Ta = 25 °C, f= 1 MHz) 


[Smisi [Parmeter ‘| est Govan [tin 
Se ce 
Tene [ tet capacianeo Gm) | wey | 


Note: 1. Sampled only, not 100% tested. 


Figure 5. Read Mode AC Waveforms 


Hi-Z 


VA00782 
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Table 5. Read Mode DC Characteristics 
(Ta = 0 to 70 °C or -40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


| tu__| Input Leakage Current 
| ko | Output Leakage Current 
| leo | Supply Current 


cor 
Tv Piper etage 
| Vm | Input High Vottage 
| Vor | OutputLowVotage | t= mA 
<3 eae eo oe 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep. 


Table 6. Read Mode AC Characteristics “ 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vepp = Voc) 


SeSece 
Chip Enable Low to ne 
Sa Gave | [ao [250] [00] | 20 | 
Output Enable Low — 
two |e [oegcraaatn | eam | [rool [roo] | reo] | tso| ow 
earerren [ecw [oTo[e fof e [oof [ole 
(2) Output Enable High c_ 
' Address Transition to E=Vu, ns 
pees Output Transition G=Vit 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 
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Table 7. Programming Mode DC Characteristics 
(Ta = 25 °C; Vcc = 5V + 5%; Vpp = 21V + 0.5V) 


Test Concition 
Input Leakage Current 

Supply Current E=Vui,G=Vi 

E=Vui,G= 


iputtow vetage 
iputhigh votage 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep 


Table 8. Programming Mode AC Characteristics ™ 
(Ta = 25 °C; Voc = 5V + 5%; Vpp =21V + 0.5V) 


Chip Enable Program Pulse 
Width 


ms 


VepLowtoChipEnableLow | = | 2 | ts 
ela ee 
Chip Enable High to Address 
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Figure 6. Programming and Verify Modes AC Waveforms 


tAVEL 


DATA IN | 
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ORDERING INFORMATION SCHEME 
Example: M2732A 2 F 1 


Speed and Vcc Tolerance Temperature Range 


-2 200 ns, 5V +5% Fr FDIP24W 1 0 to 70°C 
blank 250 ns, 5V +5% 6 —40 to 85 °C 

-3 300 ns, 5V +5% 

-4 450 ns, 5V +5% 


-20 200 ns, 5V +10% 
-25 250 ns, 5V +10% 


For a list of available options (Speed, Vcc Tolerance, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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ky, 36S THOMSON M2764A 


NMOS 64K (8K x 8) UV EPROM 


= FAST ACCESS TIME: 180ns 

= EXTENDED TEMPERATURE RANGE 

= SINGLE 5V SUPPLY VOLTAGE 

=» LOW STANDBY CURRENT: 35mA max 

= TTLCOMPATIBLE DURING READ and PROGRAM 
= FAST PROGRAMMING ALGORITHM 

s ELECTRONIC SIGNATURE FDIP28W  (F) 
= PROGRAMMING VOLTAGE: 12V 


DESCRIPTION 


The M2764A is a 65,536 bit UV erasable and _—‘- Figure 1. Logic Diagram 
electrically programmable memory EPROM. It is 
organized as 8,192 words by 8 bits. 


The M27C64A is housed in a 28 pin Window Ce- 
ramic Frit-Seal Dual-in-Line package. The trans- 
parent lid allows the user to expose the chip to 
ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow- 
ing the programming procedure. 


Table 1. Signal Names 


Cae: |" aes! 
[ver | Speke 
Sn oe 


VA00776B 
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Table 2. Absolute Maximum Ratings 


i Ambient Operating Temperature 
Temperature Under Bias 


symbol 


grade 1 
grade 6 


grade 1 
grade 6 


Ta 
Input or Output Voltages —0.6 to 6.5 
Supply Voltage -0.6 to 6.5 
AQ Voltage —0.6 to 13.5 
Vpp 


Storage Temperature -65 to 125 
| Ver _| Program Supply 0.610 14 


0 to 70 
—40 to 85 
—10 to 80 
—50 to 95 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum Rating conditions for extended penods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


Figure 2. DIP Pin Connections 


M2764A 
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Warning: NC = No Connection. 


DEVICE OPERATION 


The seven modes of operations of the M2764A are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTLlevels except for Vpp and 12V on AQ 
for Electronic Signature. 


Read Mode 


The M2764A has two control functions, both of 
which must be logically satisfied in_ order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. 


Assuming that the addresses are stable, address 
access time (tavav) is equal to the delay from E to 
output (teLav). Data is available at the outputs after 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-teLav. 


Standby Mode 


The M2764A has a standby mode which reduces 
the maximum active power current from 75mA to 
35mA. The M2764A is placed in the standby mode 
by applying a TTL high signal to the E input. When 
in the standby mode, the outputs are in a high 
impedance state, independent of the G input. 


Two Line Output Control 


Because EPROMS are usually used in larger mem- 
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows : 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 
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DEVICE OPERATION (cont'd) 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. 


This ensures that all deselected memory devices 
are in their low power standby mode and that the 
output pins are only active when data is desired 
from a particular memory device. 


System Considerations 


The power switching characteristics of fast 
EPROMSs require careful decoupling of the devices. 
The supply current, Icc, has three segments that 
are of interest to the system designer: the standby 
current level, the active current level, and transient 
current peaks that are produced by the falling and 
rising edges of E. The magnitude of the transient 
current peaks is dependent on the capacitive and 
inductive loading of the device at the output. The 
associated transient voltage peaks can be sup- 
pressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 1u.F ceramic capac- 
itor be used on every device between Vcc and Vss. 
This should be a high frequency capacitor of low 


Table 3. Operating Modes 


Output Disable 


Note: X = Vin or Vit, Vin = 12V + 0.5%. 


Table 4. Electronic Signature 


Manufacturer’s Code 


M2764A 


inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7uF bulk 
electrolytic capacitor should be used between Vcc 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec- 
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M2764A are in the “1" state. 
Data is introduced by selectively programming ”0s" 
into the desired bit locations. Although only “Os” will 
be programmed, both “1s” and “Os” can be present 
in the data word. The only way to change a “O" to 
a”1" is by ultraviolet light erasure. 


The M2764A is in the programming mode when 
Vpp input is at 12.5V and E and P are at TTL low. 
The data to be programmed is applied, 8 bits in 
parallel, to the data output pins. The levels required 
for the address and data inputs are TTL. 


Fast Programming Algorithm 


Fast Programming Algorithm rapidly programs 
M2764A EPROMs using an efficient and reliable 
method suited to the production programming en- 
vironment. Programming reliability is also ensured 
as the incremental program margin of each byte is 
continually monitored to determine when it has 


Data In 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times ' < 20ns 
Input Pulse Voltages 0.45V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST mC = 100pF 


I 


VA00827 C, includes JIG capacitance 


VA00828 


Table 5. Capacitance ™) (Ta = 25 °C, f= 1 MHz) 


Symbol TestCongition | Min 
Input Capacitance peeve 
Output Capacitance | Voursov | 


Note: 1. Sampled only, not 100% tested. 


Figure 5. Read Mode AC Waveforms 


(ara) 


DATA OUT 


VA00778 
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Table 6. Read Mode DC Characteristics 
(Ta = 0 to 70 °C or -40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


Symbol Test Condition | Min | 
| tu | Input Leakage Current | OSVnsVeo | 
| to | Output Leakage Current | Vour=Voo | | tt 


| tee __| Program Current 
| Vu | inputLowvoltage | 

| Vn | inputHighvotage | Tt 
| Vor_| OutputLow Voltage | tu = 2tmA | | ts | 
| Vow | Output High Voltage | to = 40nd || 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


lt < 
lLo = 
Supply Current E=Vi, G=Vit 


Table 7A. Read Mode AC Characteristics ™) 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Vcc) 


Symbol Parameter Condition | _-1_—*(|—-2,-20 | _blank, -25 | 
| Min | Min | Max | Min _ 


Address Valid to : 
ae fmf [aol fale 
| taov | [200 | | 250 | oe 


Address Transition 
to Output Transition 


Table 7B. Read Mode AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


M2764A 
Test 


Condition 


Parameter 


, Address Valid to 

AVQV ACC | Output Valid 
Chip Enable Low 
to Output Valid 


Output Enable 
Low to Output Valid 


t Chip Enable High 
DF | to Output Hi-Z 


Output Enable V 
High to Output Hi-Z _ 


Address Transition E=Vu, 
©H | to Output Transition G=Vit 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep 
2. Sampled only, not 100% tested. 


G=Vi 
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Table 8. Programming Mode DC Characteristics 
(Ta = 25 °C; Voc = 6V + 0.25V; Vpp = 12.5V + 0.3V) 


[symooi [Parameter | Testonaiion [win [wom [vate 
Se 
[a OO 
a 
[vn | atti votage | de eos 
ver | osptouvemge | teatime | [os |v 
[Vou [-outputrigh votage | tor=~soonn | 2a [iv 
PS 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics “) 
(Ta = 25 °C; Voc = 6V + 0.25V; Vpp = 12.5V + 0.3V) 


Tsymoct [a | Paremeter | _Testconation [win | wax | Unto 
Twn | us [AdsessveisioPegentw |e fs 
a ge 
ee ee OT 
ca a a a 


ae Enable Low to Program 
tELPL tcEs Cow 


| teen | tow | Program Pulse Width (Initial) | Note? 2 


spree | span fae | a 
epee Pe 
Pam om [aemrnore [Oe 
Pon [agrommemene [Lm Lo 
mam [epremnnmsoes [Te [| os 
fo fw [amare |e TT 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp 
2. The Initial Program Pulse width tolerance is 1 ms + 5%. 
3. The length of the Over-program Pulse vanes from 2.85 ms to 78.95 ms, depending of the multiplication value of the iteration counter. 
4. Sampled only, not 100% tested. 
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Figure 6. Programming and Verify Modes AC Waveforms 


VALID 


tAVPL 


DATA IN DATA OUT 


¢———— PROGRAM > VERIFY. ——> 


VA00779 


Figure 7. Fast Programming Flowchart DEVICE OPERATION (cont'd) 


been successfully programmed. A flowchart of the 
M2764A Fast Programming Algorithm is shown on 
the last page. The Fast Programming Algorithm 
utilizes two different pulse types: initial and over- 


program. 

The duration of the initial P pulse(s) is 1ms, which 
will then be followed by a longer overprogram pulse 
of length 3ms by n (n is equal to the number of the 

initial one millisecond pulses applied to a particular 
M2764A location), before a correct verify occurs. 
Up to 25 one-millisecond pulses per byte are pro- 
vided for before the overprogram pulse is applied. 


The entire sequence of program pulses and byte 
verifications is performed at Vcc = 6V and Vpp = 


é 12.5V. When the Fast Programming cycle has been 
completed, all bytes should be compared to the 
Original data with Vcc = 5V and Vpp = 5V. 


Program Inhibit 


Programming of multiple M2764A in parallel with 

different data is also easily accomplished. Except 

for E, all like inputs (including G) of the parallel 

M2764A may be common. A TTL low pulse applied 

Vec = SV. Vpp = SV to a M2764A’s E input, with Vpp_at 12.5V, will 

Check all bytes program that M2764A. A high level E input inhibits 
VA00775 the other M2764As from being programmed. 
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Program Verify 


A verify should be performed on the programmed 
bits to determine that they were correctly pro- 
grammed. The verify is accomplished with G = Vi, 
E = Vit, P = Vin and Vpp = 12.5V. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C +5°C ambient 
temperature range that is required when program- 
ming the M2764A. 


To activate this mode, the programming equipment 
must force 11.5V to 12.5V on address line AQ of the 
M2764A. Two identifier bytes may then be se- 
quenced from the device outputs by toggling ad- 
dress line AO from Vit to Vin. All other address lines 
must be held at Vit during Electronic Signature 
mode. Byte 0 (AO = Vi_) represents the manufac- 
turer code and byte 1 (AO = Vin) the device identifier 
code. For the SGS-THOMSON M2764A, these two 
identifier bytes are given below. 


ORDERING INFORMATION SCHEME 


M2764A 


Example: 


Speed and Vcc Tolerance 


180 ns, 5V +5% 


-2 200 ns, 5V +5% 
blank 250 ns, 5V +5% 
-3 300 ns, 5V +5% 
-4 450 ns, 5V +5% 
-20 200 ns, 5V +10% 
-25 250 ns, 5V +10% 


F 


ERASURE OPERATION (applies to UV EPPROM) 


The erasure characteristic of the M2764A is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 Arange. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M2764A in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M2764A is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M2764A window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M2764A is exposure to 
short wave ultraviolet light which has wavelength 
2537 A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm?. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi- 
olet lamp with 12000 W/cm? power rating. The 
M2764A should be placed within 2.5 cm (1 inch) of 
the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re- 
moved before erasure. 


+ oF 1 


Temperature Range 


FDIP28W 1 Oto 70° 
6 —40 to 85 °C 


For a list of available options (Speed, Vcc Tolerance, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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MICROELECTRONICS M27128A 


NMOS 128K (16K x 8) UV EPROM. 


=» FAST ACCESS TIME: 200ns 

» EXTENDED TEMPERATURE RANGE 
m SINGLE 5 V SUPPLY VOLTAGE 

=» LOW STANDBY CURRENT: 40mA max 


=» TTL COMPATIBLE DURING READ and 
PROGRAM 


=» FAST PROGRAMMING ALGORITHM 
=» ELECTRONIC SIGNATURE 
x PROGRAMMING VOLTAGE: 12V 


DESCRIPTION 


The M27128A is a 131,072 bit UV erasable and 
electrically programmable memory EPROM. It is 
organized as 16,384 words by 8 bits. 


The M27128A is housed in a 28 Pin Window Ce- 
ramic Frit-Seal Dual-in-Line package. The trans- 
parent lid allows the user to expose the chip to 
ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow- 
ing the programming procedure. 


Table 1. Signal Names 


Address Inputs 
Q0 - Q7 Data Outputs 


Chip Enable 


Output Enable 


a 
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FDIP28W (F) 


Figure 1. Logic Diagram 


M27128A 


VA00769B 
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Table 2. Absolute Maximum Ratings 


Symbol 
TA Ambient Operating Temperature grade 1 0 to 70 
grade 6 —40 to 85 
Tpias Temperature Under Bias grade 1 —10 to 80 
grade 6 —50 to 95 


Storage Temperature —65 to 125 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


Figure 2. DIP Pin Connections 
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Warning: NC = No Connection. 


DEVICE OPERATION 


The seven modes of operation of the M27128A are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on AQ 
for Electronic Signature. 


Read Mode 


The M27128A has two control functions, both of 
which must be logically satisfied in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. 


Assuming that the addresses are stable, address 
access time (tavav) is equal to the delay from E to 
output (teLqv). Data is available at the outputs after 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-tGLav. 


Standby Mode 


The M27128A has a standby mode which reduces 
the maximum active power current from 85mA to 
40mA. The M271 28A is placed in the standby mode 
by applying a TTL high signal to the E input. When 
in the standby mode, the outputs are in a high 
impedance state, independent of the G input. 


Two Line Output Control 


Because EPROMs are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 
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DEVICE OPERATION (cont'd) 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. 


This ensures that all deselected memory devices 
are in their low power standby mode and that the 
output pins are only active when data is required 
from a particular memory device. 


System Considerations 


The power switching characteristics of fast 
EPROMSs require careful decoupling of the devices. 
The supply current, Icc, has three segments that 
are of interest to the system designer: the standby 
current level, the active current level, and transient 
current peaks that are produced by the falling and 
rising edges of E. The magnitude of this transient 
current peaks is dependent on the capacitive and 
inductive loading of the device at the output. The 
associated transient voltage peaks can be sup- 
pressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 1F ceramic capac- 
itor be used on every device between Vcc and Vss. 
This should be a high frequency capacitor of low 


Table 3. Operating Modes 


Verify 


Note: X = Vin or Vit, Vio = 12V + 0.5%. 


Table 4. Electronic Signature 


[wots Sid dO ee 
a 
Toupee | wat me | ww x vee |e 
et ee ee 
a 
Preven [vw |x [eee 
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M27128A 


inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7F bulk 
electrolytic capacitor should be used between Vcc 
and GND for every eight devices. The bulk capac- 
itor should be located near the power supply con- 
nection point. The purpose of the bulk capacitor is 
to overcome the voltage drop caused by the induc- 
tive effects of PCB traces. 


Programming 


When delivered (and after each erasure for UV 
EPPROM), all bits of the M27128A are in the “1" 
state. Data is introduced by selectively program- 
ming ”Os" into the desired bit locations. Although 
only “Os” will be programmed, both “is” and “Os” 
can be present in the data word. The only way to 
change a “O" to a "1" is by ultraviolet light erasure. 


The M27128A is in the programming mode when 
Vpp input is at 12.5V and E and P are at TTL low. 
The data to be programmed is applied 8 bits in 
parallel, to the data output pins. The levels required 
for the address and data inputs are TTL. 


Fast Programming Algorithm 


Fast Programming Algorithm rapidly programs 
M27128A EPROMSs using an efficient and reliable 
method suited to the production programming en- 
vironment. Programming reliability is also ensured 
as the incremental program margin of each byte is 


. 3/8 
Ly 3ScueLe 


217 


M27128A 


AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.45V to 2.4V 
Input and Output Timing Ref. Voltages  0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST sees CL=1OOpF 


VA00827 C, includes JIG capacitance 


VA00828 


Table 5. Capacitance ™ (Ta = 25 °C, f = 1 MHz) 


Symbol Test Condition 
Input Capacitance 
Output Capacitance 


Note: 1. Sampled only, not 100% tested. 


Figure 5. Read Mode AC Waveforms 


AO—A13 VALID 


tAVQV 


(ara 


DATA OUT 
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Table 6. Read Mode DC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = 5V + 5% or 5V + 10%; Vep = Voc) 


Test Condition 
Input Leakage Current 


pte 

vu [ution vetage 
i 
| Vor | OutputLowvotage | tu =tma |= || 
| Vow | Outputtigh voltage | ton =—400n | ee | 


Note: 1. Vcc must be applied simultaneously with or before Ver and removed simultaneously or after Vep. 


Table 7. Read Mode AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


M27128A 
Symbol Parameter 


ay 
Address Valid to Out- 
PSs OCs 
Chip Enable Low to 7 
ns 
Output Enable Low 
Po fe sere [ex] Te] [ml [ol fol 
(2) Chip Enable High to 
tEHOz Output Hi-Z G= Vit 55 105 130 
(2) Output Enable High eo 
t t Address Transitionto | E= Vu, 
Nar OH | Output Transition G=Vit 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 


Test Con- 
dition 
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Table 8. Programming Mode DC Characteristics “) 
(Ta = 25 °C; Voc = BV + 0.25V; Vpp = 12.5V + 0.3V) 


Test Condition 


Input Leakage Current Vics Vin S$ Vin 


Supply Current 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics ") 
(Ta = 25 °C; Voc = 6V + 0.25V; Vpp = 12.5V + 0.3V) 


tps Program Pulse Wiath (Ital) 
Output Enable Low to 

Output Valid a 

a 
Output Enable High to 

Notes: 1. Vcc must be applied simultaneously with or before Vepp and removed simultaneously or after Vpp. 


2. The Initial Program Pulse width tolerance is 1 ms + 5%. 
3. The length of the Over-program Pulse vanes from 2.85 ms to 78.95 ms, depending on the multiplication value of the iteration counter. 


4. Sampled only, not 100% tested. 
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Figure 6. Programming and Verify Modes AC Waveforms 
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Figure 7. Programming Flowchart DEVICE OPERATION (cont’d) 


continually monitored to determine when it has 
been successfully programmed. A flowchart of the 
Veo = 8V, Vpp = 12.5V M27128A Fast Programming Algorithm is shown 
on the last page. The Fast Programming Algorithm 
utilizes two different pulse types: initial and over- 
program. 


The duration of the initial P pulse(s) is 1ms, which 
will then be followed by a longer overprogram pulse 
of length 3ms by n (n is equal to the number of the 
initial one millisecond pulses applied to a particular 
M27128A location), before a correct verify occurs. 
Up to 25 one-millisecond pulses per byte are pro- 


vided for before the over program pulse is applied. 
| 
The entire sequence of program pulses and byte 
= verifications is performed at Vcc = 6V and Vpp = 
i 


12.5V. When the Fast Programming cycle has been 
completed, all bytes should be compared to the 
Original data with Vcc = 5 and Vpp = 5V. 


Program Inhibit 


Programming of multiple M27128A’s in parallel with 

different data is also easily accomplished. Except 

Vec = 5V, Vpp = 5V for E, all like inputs (including G) of the parallel 

Bhecn -ait-bites M27128A may be common. A TTL low pulse ap- 

plied to a M27128A's E input, with Vep = 12.5V, will 

program that M27128A. A high level E input inhibits 
the other M27128As from being programmed. 


VA00775 
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Program Verify 


A verify should be performed on the programmed 
bits to determine that they were correctly pro- 
grammed. The verify is accomplished with G = VIL, 
E = Vit, P = Vin and Vpp at 12.5V. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27128A. 


To activate this mode, the programming equipment 
must force 11.5V to 12.5V on address line A9 of the 
M27128A. Two identifier bytes may then be se- 
quenced from the device outputs by toggling ad- 
dress line AO from Vi to Vin. All other address lines 
must be held at Vit during Electronic Signature 
mode. Byte 0 (AO = Vi_) represents the manufac- 
turer code and byte 1 (AO = Vin) the device identifier 
code. For the SGS-THOMSON M27128A, these 
two identifier bytes are given below. 


ORDERING INFORMATION SCHEME 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristic of the M27128A is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 Arange. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27128A in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M27128A is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M27128A window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27128A is exposure to 
short wave ultraviolet light which has wavelength 
2537 A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm?. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi- 
olet lamp with 12000 W/cm? power rating. The 
M27128A should be placed within 2.5cm (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re- 
moved before erasure. 


Example: M27128A -2 F 1 
Speed and Vcc Tolerance Temperature Range 
“2 200 ns, 5V +5% F FDIP28W 1 Oto 70°C 


blank 250 ns, 5V+5% 
-3 300 ns, 5V + 5% 
-4 450 ns, 5V+ 5% 
-20 200 ns, 5V + 10% 
-25 250 ns, 5V + 10% 
-30 300 ns, 5V + 10% 


6  -—40 to 85°C 


For a list of available options (Speed, Vcc Tolerance, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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IST G3 TOON 27256 


NMOS 256K (82K x 8) UV EPROM 


a» FAST ACCESS TIME: 170ns 

# EXTENDED TEMPERATURE RANGE 
® SINGLE 5V SUPPLY VOLTAGE 

es LOW STANDBY CURRENT: 40mA max 


ae TTL COMPATIBLE DURING READ and 
PROGRAM ee 


» FAST PROGRAMMING ALGORITHM 
» ELECTRONIC SIGNATURE 
8 PROGRAMMING VOLTAGE: 12V 


a 


FDIP28W (F) 


DESCRIPTION 


The M27256 is a 262,144 bit UV erasable and 
electrically programmable memory EPROM. It is 
organized as 32.768 words by 8 bits. 


The M27256 is housed in a 28 pin Window Ceramic Figure 1. Logic Diagram 
Frit-Seal Dual-in-Line package. The transparent lid 
allows the user toexpose the chip to ultraviolet light 
to erase the bit pattern. A new pattern can then be 
written to the device by following the programming 
procedure 


M27256 
Table 1. Signal Names 


fe [enpenave 
a oc 
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Table 2. Absolute Maximum Ratings 


symbol | Parameter | Value | nit 


Ta Ambient Operating Temperature grade 1 0 to 70 °C 
grade 6 —40 to 85 

TBIAS Temperature Under Bias grade 1 —10 to 80 °C 
grade 6 —50 to 95 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification ts not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


Read Mode 


The M27256 has two control functions, both of 
which must be logically satisfied in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, address access time (tavav) is 
equal to the delay from E to output (teLav). Data is 
available at the outputs after the falling edge of G, 
assuming that E has been low and the addresses 
have been stable for at least tavav-taLav. 


Standby Mode 


The M27256 has a standby mode which reduces 
the maximum active power current from 100mA to 
40mA. The M27256 is placed in the standby mode 
by applying a TTL high signal to the E input. When 
in the standby mode, the outputs are in a high 
impedance state, independent of the G input. 


Figure 2. DIP Pin Connections 


M27256 
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Two Line Output Control 


Because EPROMSs are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


DEVICE OPERATION 


The eight modes of operations of the M27256 are 
listed in the Operating Modes Table. A single 5V 


power supply is required in the read mode. All a. the lowest possible memory power dissipation, 


inputs are TTLlevels except for Vpp and 12V on AQ 
for Electronic Signature. 


2/8 ky SGS-TH 


b. complete assurance that output bus contention 
will not occur. 


OMSON 
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DEVICE OPERATION (cont'd) 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. 


This ensures that all deselected memory devices 
are in their low power standby mode and that the 
output pins are only active when data is required 
from a particular memory device. 


System Considerations 


The power switching characteristics of fast 
EPROMs require careful decoupling of the devices. 
The supply current, Icc, has three segments that 
are of interest to the system designer : the standby 
current level, the active current level, and transient 
current peaks that are produced by the falling and 
rising edges of E. The magnitude of the transient 
current peaks is dependent on the capacitive and 
inductive loading of the device at the output. The 
associated transient voltage peaks can be sup- 
pressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 1nF ceramic capac- 
itor be used on every device between Vcc and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7uF bulk 
electrolytic capacitors should be used between Vcc 
and Vss for every eight devices. The bulk capacitor 


Table 3. Operating Modes 


ail 


Optional Verify 


Standby 


Note: X = Vin or Vit, Vio = 12V + 0.5%. 


Table 4. Electronic Signature 


po mote | ET tee To 
pred | MeL eX ee ata ut 
Outputdisable | Me | me |X ee | 
eeu [vee 
[a ee ee a ee 


it 


Program Inhibit a 


i 


secon Sire [ve weve | ver | cots 


eee eae ee ee 
[Manuiacrwerscode | vu {| o | o | 1 {| o | o | o | o | o | 2m | 
pw to fo fo foo} sf oj} of om | 


M27256 


should be located near the power supply connec- 
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 


Programmain 


When delivered, (and after each erasure for UV 
EPROM), all bits of the M27256 are in the “1" state. 
Data is introduced by selectively programming "0s" 
into the desired bit locations. Although only “Os” will 
be programmed, both “1s” and “Os” can be present 
in the data word. The only way to change a “0" to 

a1" is by ultraviolet light erasure. The M27256 is 
in the programming mode when Vpp input is at 
12.5V and E is at TTL low. The data to be pro- 
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. 


Fast Programming Algorithm 


Fast Programming Algorithm rapidly programs 
M27256 EPROMs using an efficient and reliable 
method suited to the production programming en- 
vironment. Programming reliability is also ensured 
as the incremental program margin of each byte is 
continually monitored to determine when it has 
been successfully programmed. A flowchart of the 
M27256 Fast Programming Algorithm is shown on 
the Flowchart. The Fast Programming Algorithm 
utilizes two different pulse types : initial and over- 
program. The duration of the initial E pulse(s) is 
1ms, which will then be followed by a longer over- 
program pulse of length 3ns by n (n is equal to the 
number of the initial one millisecond pulses applied 


Kx | KX YK | OX 


Data Out 


~x< 


Hi-Z 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.45V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 
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VA00827 C,; includes JIG capacitance 


VA00828 


Table 5. Capacitance “) (Ta = 25 °C, f= 1 MHz) 


Symbol Test Condition 
Input Capacitance 
Output Capacitance 


Note: 1. Sampled only, not 100% tested 


Figure 5. Read Mode AC Waveforms 


DATA OUT 


VA00758 


4/8 . 
“0 __________________ kyg §GS;THOMSON 
226 


M27256 


Table 6. Read Mode DC Characteristics “) 
(Ta = 0 to 70 °C or -40 to 85 °C; Vcc = 5V + 5% or 5V + 10%; Vpp = Voc) 


Symbol Test Condition 


| tu | Input Leakage Current fs = OS VINE VEG cus ee 
Sa Output Leakage Current -_——Your=Veo____} _} #10} ya 


so ae a 

ve | inowioevoregs 

[vin [inputigh Votage | CSC~iTSC‘ RT S* Ceca) | OV 
| Vou _| po = 21mA 

| Vow | 


Output Low Voltage lo. = 2.1mA ee ae 
Output High Voltage lou = —400nA a es eee ee 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


Table 7A. Read Mode AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


M27256 
symbol Parameter a 20 


Address Valid to 

ae a 
Chip Enable Low ae 
Output Enable 

foe [m= a Sn vate Pex [To {To [fo 


Test Condi- 
tion 


t Chip Enable High 
enaz © to Output Hi-Z 
t t Output Enable a 
cHoz | tor High to Output Hi-Z = 
rey fa Address Transition aie 
to Output Transition = 
Table 7B. Read Mode AC Characteristics 


(Ta = Oto 70 °C or -40 to 85 °C; Vec = 5V + 5% or 5V + 10%; Vepp = Voc) 


symbol jae] ream a a Sore r 


, Address Valid to E=V 0 | ons | 
AVaV | TACC | Output Valid G= WA 
eat ea pee [ fe Pe 
ELQV to Output Valid ~ 
GLOV Low to Output Valid ae 
(2) Chip Enable High 
| diaries 
cHaz © High to Output Hi-Z 
= [ws [seers [eet [fe tbe 
AXQX | ‘OH | to Output Transition G=Vi 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 


ns 
ns 
ns 
ns 


Test Condi- Miz (256 
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Table 8. Programming Mode DC Characteristics “) 
(Ta = 25 °C; Voc = 6V + 0.25V: Vpp = 12.5V + 0.3V) 


a a ee a 
[ime [Pram cure’ | eee mm 
Tn [patton tage iP Side 
A 
Fouputowvotape | ta zzime [+ ows |v 
Foupurtign tase | ton=—aoona | aa [| 
ak a a a 


Note. 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


tt 
‘e) 
- 


Table 9. Programming Mode AC Characteristics ™ 
(Ta = 25 °C; Voc = 6V + 0.25V: Vpp = 12.5V + 0.3V) 


symbol oe 
t Address Valid to Chip Enable 
AVEL ee 


| tover _| | tos | Input Valid to Chip Enable Low _ Valid to Chip Enable Low 


Vee High to Chip Enable Low arnan 
Voo High to Chip Enable Low ————_}- 


Chip “initial on Pulse 


Chip Enable High to Input Tran- 
9 a 
Input Transition to Output En- 
taxa toes able Low 
t Output Enable Low to 
Sey Output Valid 


t (4) t Output Enable Low to 
ae DFP | Output Hi-Z 
t Output Enable High to 
cnen Address Transition 


Notes. 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. The Initial Program Pulse width tolerance ts 1 ms + 5%. 
3 The length of the Over-program Pulse varies from 2.85 ms to 78.95 ms, depending on the multiplication value of the iteration counter. 
4. Sampled only, not 100% tested. 
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Figure 6. Programming and Verify Modes AC Waveforms 
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Figure 7. Programming Flowchart DEVICE OPERATION (cont'd) 


to a particular M27256 location), before a correct 
verify occurs. Up to 25 one-millisecond pulses per 
Voc = 8V, Vpp = 12.5V byte are provided for before the over program pulse 
is applied. The entire sequence of program pulses 
and byte verifications is performed at Vcc = 6V and 
Vpp = 12.5V. 

When the Fast Programming cycle has been com- 
pleted, all bytes should be compared to the original 


= data with Vcc = 5V and Vpp = 5V. 
we Program Inhibit 
Programming of multiple M27256s in parallel with 
different data is also easily accomplished. Except 


for E, all like inputs (including G) of the parallel 
M27256 may be common. A TTL low pulse applied 
to a M27256’s E input, with Vpp_= 12.5V, will 
program that M27256. A high level E input inhibits 
the other M27256s from being programmed. 


Program Verify 


A verify should be performed on the programmed 
bits to determine that they were correctly pro- 
grammed. The verify is accomplished with E = Vi, 
G = Vin and Vpp = 12.5V. 


Optional Verify 


The optional verify may be performed instead of the 
verify mode. It is performed with G = Vit, E = Vit 
(as opposed to the standard verify which has E = 
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DEVICE OPERATION (cont'd) 


Vin), and Vpp = 12.5V. The outputs will be in a Hi-z 
state according to the signal presented to G. There- 
fore, all devices with Vpp = 12.5V and G = Vi will 
present data on the bus independent of the E state. 
When parallel programming several devices which 
share the common bus, Vpp should be lowered to 
Vcc (6V) and the normal read mode used to exe- 
cute a program verify. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment forthe 
purpose of automatically matching the device to be 
programmed with its corresponding programming 
algorithm. This mode is functional in the 25°C + 5°C 
ambient temperature range that is required when 
programming the M27256. To activate this mode, 
the programming equipment must force 11.5V to 
12.5V on address line AQ of the M27256. Two 
identifier bytes may then be sequenced from the 
device outputs by toggling address line AO from ViL 
to Vin. All other address lines must be held at Vit 
during Electronic Signature mode. Byte 0 (A0 = Vi) 
represents the manufacturer code and byte 1 (AO 
= Vin) the device identifier code. For the SGS- 


ORDERING INFORMATION SCHEME 


M27256 -1 


Example: 


Speed and Vcc Tolerance 


-1 170 ns, 5V +5% 
-2 200 ns, 5V +5% 


blank 250 ns, 5V +5% 
-3 300 ns, 5V +5% 
-4 400 ns, 5V +5% 
-20 200 ns, 5V +10% 
-25 250 ns, 5V +10% 


F 


F 


THOMSON M27256, these two identifier bytes are 
given below. 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristic of the M27256 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27256 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M27256 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque lables be put over the M27256 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27256 is exposure to 
short wave ultraviolet light which has wavelength 
2537 A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm*. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi- 
olet lamp with 12000 W/cm? power rating. The 
M27256 should be placed within 2.5cm (1 inch) of 
the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re- 
moved before erasure. 


1 


Temperature Range 


FDIP28W 1 0 to 70°C 
6 —40 to 85 °C 


For a list of available options (Speed, Vcc Tolerance, Package, etc) refer to the Selector Guide in this Data 


Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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NMOS 512K (64K x 8) UV EPROM 


=» FAST ACCESS TIME: 200ns 

# EXTENDED TEMPERATURE RANGE 
a SINGLE 5V SUPPLY VOLTAGE 

=» LOW STANDBY CURRENT: 40mA max 


a TTL COMPATIBLE DURING READ and 
PROGRAM 


» FAST PROGRAMMING ALGORITHM 
=» ELECTRONIC SIGNATURE 
=» PROGRAM MING VOLTAGE: 12V 


DESCRIPTION 


The M27512 is a 524,288 bit UV erasable and 


electrically programmable memory EPROM. It is 
organized as 65,536 words by 8 bits. 


The M27512 is housed in a 28 Pin Window Ceramic 
Frit-Seal Dual-in-Line package. The transparent lid 
allows the user to expose the chip to ultraviolet light 
to erase the bit pattern. A new pattern can then be 
written to the device by following the programming 
procedure. 


Table 1. Signal Names 


fe [omeme 
oe oo 
oe 
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Figure 1. Logic Diagram 
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Table 2. Absolute Maximum Ratings 


Symbol 


Ambient Operating Temperature are e. . i 
Temperature Under Bias ae H ie . ee 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


Read Mode 


The M27512 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, address access time (tavav) is 
equal to the delay from E to output (teLqv). Data is 
available at the outputs after delay of teLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-teLav. 


Standby Mode 


The M27512 has a standby mode which reduces 
the maximum active power current from 125mA to 
40mA. The M27512 is placed in the standby mode 
by applying a TTL high signal to the E input. When 
in the standby mode, the outputs are in a high 
impedance state, independent of the GVpp input. 


Figure 2. DIP Pin Connections 


COON ON FPWN 


M27512 


VA00766 


Two Line Output Control 


Because EPROMS are usually used in larger mem- 
Ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 


DEVICE OPERATION memory connection. The two line control function 


The six modes of operations of the M27512 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for GVpp and 12V on 
AQ for Electronic Signature. 
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allows : 
a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 
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DEVICE OPERATION (cont'd) 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while GVpp should be 
made a common connection to all devices in the 
array and connected to the READ line from the 
system control bus. This ensures that all 
deselected memory devices are in their low power 
standby mode and that the output pins are only 
active when data is required from a particular mem- 
ory device. 


System Considerations 


The power switching characteristics of fast 
EPROMSs require careful decoupling of the devices. 


The supply current, lcc, has three segments that 
are of interest to the system designer : the standby 
current level, the active current level, and transient 
current peaks that are produced by the falling and 
rising edges of E. The magnitude of the transient 
current peaks is dependent on the capacitive and 
inductive loading of the device at the output. The 
associated transient voltage peaks can be sup- 
pressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommenced that a 1u.F ceramic capac- 
itor be used on every device between Vcc and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7uF bulk 
electrolytic capacitor should be used between Vcc 
and Vss for every eight devices. The bulk capacitor 


Table 3. Operating Modes 


Program 


Note: X = Vin or Vit, Vio = 12V + 0.5%. 


Table 4. Electronic Signature 


Manufacturer’s Code 
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should be located near the power supply connec- 
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 


Programming 


When delivered, and after each erasure, all bits of 
the M27512 are in the “1" state. Data is introduced 
by selectively programming "Os" into the desired bit 
locations. Although only “Os” will be programmed, 
both “1s” and “Os” can be present in the data word. 
The only way to change a “O" toa” 1"is by ultraviolet 
light erasure. The M27512 is in the programming 
mode when GVpp input is at 12.5V and E is at 
TTL-low. The data to be programmed is applied 8 
bits in parallel to the data output pins. The levels 
required for the address and data inputs are TTL. 
The M27512 can use PRESTO Programming Algo- 
rithm that drastically reduces the programming 
time (typically less than 50 seconds). Nevertheless 
to achieve compatibility with all programming 
equipment, the standard Fast Programming Algo- 
rithm may also be used. 


Fast Programming Algorithm 


Fast Programming Algorithm rapidly programs 
M27512 EPROMs using an efficient and reliable 
method suited to the production programming en- 
vironment. Programming reliability is also ensured 
as the incremental program margin of each byte is 
continually monitored to determine when it has 
been successfully programmed. A flowchart of the 
M27512 Fast Programming Algorithm is shown in 
Figure 8. 
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AC MEASUREMENT CONDITIONS ~— Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.45V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST Cl =100pF 


aa 


VA00827 C, includes JIG capacitance 


VA00828 


Table 5. Capacitance ™ (Ta = 25 °C, f = 1 MHz) 


Test Condition 
Input Capacitance 
Output Capacitance 


Note: 1. Sampled only, not 100% tested. 


Figure 5. Read Mode AC Waveforms 


AO—A15 VALID 


tAVQV 


(aa) 


DATA OUT 


VA00735 
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Table 6. Read Mode DC Characteristics “) 
(Ta = 0 to 70 °C or -40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


| Symbol | ___—Parameter_—— | TestCondition ——|_—sMin_ | Max_|_ Unit | 
|u| inputueakage Curent | OsVsVoc | | ttn 
| uo | Output Leakage Current | Vour=Voo | | ttn 
| too | SupplyCurrent | EMG ee | tema 
| loci | Supply Current (Stanaby) | EV | tm 
| Vi | inputuowvotage | ot ow 
| Vix | inputHigh Voltage | cot | 
| Vor | OutputLow Voltage | ta =2tma || V 

| Vou | OutputHighvottage | ton =~400nA |e | 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


Table 7. Read Mode AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Veco = 5V + 5% or 5V + 10%; Vpp = Vcc) 


M27512 
Symbol Parameter 


| 2,20 |bank25 | 3 | 

_ [Min | Max | min | Max | min | Max 
ee [os femora | Et | [awl [aol [om] = 
| taav | toe [Chip Enable Lowto Output Valid | G=vi | | 200| | 250] | 300|_ns_| 
| taav | toe [Output Enable Lowto Output vad] E=Vn | | 75| | 100| | 120| ns 
G=Vn_ | 0 | 65 | 0 | 60 | o | 105] ns | 
| tonaz® |_tor [Output Enable High toOutputHiz| E=Va | o | 55 | 0 | 60 | 0 | 105| ns _ 

: 


t Address Transition to Output Tran- E= Vi, 
AXQX sition G=Vit 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 


Test 
Condition 


Table 8. Programming Mode DC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


[symber [Parameter | Testconaion [win [wer | vat 
Tus | rpttnstage Curent | vasvnsvw [| ow 
a 
re en a = Oe 
[wu [ution votage it iY ee 
Tv ouputtowvetage | taezima | 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
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Table 9. MARGIN MODE AC Characteristics “ 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


symbol | ait | _Parameter____|_Test Condition 
Vpp High to Chip Enable Low 


VA10 High to Chip Enable 
ta10HEH tasio High (Set) 
VA10 Low to Chip Enable High 
ta10LEH tas1o (Reset) 
t t Chip Enable Transition to 
cae AH10 | VA1O Transition 
Chip Enable Transition to Vpp 
texvPx 'vPH | Transition 
t Vpp Transition to VA9 Transi- 
VPXA9X taHo tion 
Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vep. 


2 
2 
{ 
1 
1 
2 
2 


Table 10. Programming Mode AC Characteristics “) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Symbol Test Condition 


Address Valid to Chip Enable 
tAVEL tas howe 
tos 
tpw 


| tove. | tos | Input Validto ChipEnableLow | 
| ivower | twos _| VecHigh to Chip EnableLow | 
| tveve. | tozs | VeeHightoChipEnableLow | 
teat_| VepRiseTime | 


iid Sune 2a 

json | tm | Seggerveionenmatrer |e TO 

tow | too [Sipersvertonevnran |e 
— 


VepLowtoChipEnabletow | ss || 2 Ls 
t t Chip Enable High to Address 
SiN AH | Transition 


Notes. 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. The Initial Program Pulse width tolerance is 1 ms + 5%. 
3. The length of the Over-program Pulse varies from 2.85 ms to 78.95 ms, depending on the multiplication value of the iteration counter. 
4. Sampled only, not 100% tested. 
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Figure 6. MARGIN MODE AC Waveform 


AQ 
tAQHVPH : tVPXAQX 


CVpp 


tVPHEL tEXVPX 


tA1OHEH tEXA10X 
— 


A1l0 Set 


A10 Reset 


tA1OLEH — — 


VA007356B 


Note: A8 High level = 5V; AQ High level = 12V. 


Figure 7. Programming and Verify Modes AC Waveforms 


VALID 


eS PROGRAM = 


VA00737 
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Figure 8. Fast Programming Flowchart 


Vcc = 5V, Vpp = 5V 
Check all bytes 


VA00774 


DEVICE OPERATION (cont'd) 


The Fast Programming Algorithm utilizes two differ- 
ent pulse types : initial and overprogram. The du- 
ration of the initial E pulse(s) is ims, which will then 
be followed by a longer overprogram pulse of length 
3ns by n (n is an iteration counter and is equal to 
the number of the initial one millisecond pulses 
applied to a particular M27512 location), before a 
correct verify occurs. Up to 25 one-millisecond 
pulses per byte are provided for before the over 
program pulse is applied. 

The entire sequence of program pulses is per- 
formed at Vcc = 6V and GVpp = 12.5V (byte verifi- 
cations at Vcc = 6V and GVpp = VL). When the Fast 
Programming cycle has been completed, all bytes 
should be compared to the original data with 
Voc = 5V. 


PRESTO Programming Algorithm 


PRESTO Programming Algorithm allows to pro- 
gram the whole array with a guaranted margin, in 
a typical time of less than 50 seconds (to be com- 
pared with 283 seconds for the Fast algorithm). 
This can be achieved with the SGS-THOMSON 
M27512 due to several design innovations de- 
scribed in the next paragraph that improves pro- 
gramming efficiency and brings adequate margin 


Figure 9. PRESTO Programming Flowchart 


Voc = 6.25V, Vpp = 12.75V 
SET MARGIN MODE 


E=500us Pulse 


RESET MARGIN MODE 
Vec = 5V. Vpp = SV, Check all bytes 
VA00773 


for reliability. Before starting the programming the 
internal MARGIN MODE circuit is set in order to 
guarantee that each cell is programmed with 
enough margin. 

Then a sequence of 500us program pulses are 
applied to each byte until a correct verify occurs. 
No overprogram pulses are applied since the verify 
in MARGIN MODE provides the necessary margin 
to each programmed cell. 


Program Inhibit 


Programming of multiple M27512s in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs (including GVpp) of the parallel 
M27512 may be common. A TTL low level pulse 
applied to a M27512’s E input, with GVpp at 12.5V, 
will program that M27512. A high level E input 
inhibits the other M27512s from being pro- 
grammed. 


Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with GVpp 
and E at Vi_. Data should be verified tov after the 
falling edge of E. 
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Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25 °C + 5 °C ambient 
temperature range that is required when program- 
ming the M27512. To activate this mode, the pro- 
gramming equipment must force 11.5V to 12.5V on 
address line AQ of the M2751 2. Two identifier bytes 
may then be sequenced from the device outputs by 
toggling address line AO from Vit to Vin. All other 
address lines must be held at Vit during Electronic 
Signature mode, except for A14 and A15 which 
should be high. Byte 0 (AO = ViL) represents the 
manufacturer code and byte 1 (AO = Vin) the device 
identifier code. 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristic of the M27512 is such 
that erasure begins when the cells are exposed to 


ORDERING INFORMATION SCHEME 


M27512 


Example: 


Speed and Vcc Tolerance 


-2 200 ns, 5V +5% 
250 ns, 5V +5% 
-3 300 ns, 5V +5% 
200 ns, 5V +10% 
250 ns, 5V +10% 


F 


M27512 


light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 Arange. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27512 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when expose to direct sunlight. If the M27512 is to 
be exposed to these types of lighting conditions for 
extended periods of time, it is suggested that 
opaque labels be put over the M27512 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27512 is exposure to 
short wave ultraviolet light which has wavelength 
2537 A. 

The integrated dose (i.e. UV intensity x exposure 
time) for erasure should be a minimum of 15 
W-sec/cem?. The erasure time with this dosage is 
approximately 15 to 20 minutes using an ultraviolet 
lamp with 12000 W/cm? power rating. The 
M27512 should be placed within 2.5 cm (1 inch) of 
the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re- 
moved before erasure. 


2 F 1 


Temperature Range 


FDIP28W 1 0 to 70 °C 
6 —40 to 85 °C 


For a list of available options (Speed, Vcc Tolerance, Package, etc) refer to the Selector Guide in this Data 


Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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FLASH MEMORIES 
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M28F256 


CMOS 256K (32K x 8, Chip Erase) FLASH MEMORY 


FAST ACCESS TIME: 120ns 
= 1,000 ERASE/PROGRAM CYCLES 
# 12V PROGRAMMING VOLTAGE 


= TYPICAL BYTE PROGRAMMING TIME 100us 
(PRESTO F PROGRAMMING) 


» ELECTRICAL CHIP ERASE IN 1s RANGE 


DESCRIPTION 


The M28F256 FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed byte-by-byte. It is or- 
ganised as 32K bytes of 8 bits. It uses a command 
register architecture to select the operating modes 
and thus provides a simple microprocessor inter- 
face. The M28F256 FLASH MEMORY is suitable 
for applications where the memory has to be repro- 
grammed in the equipment. The access time of 
100ns makes the device suitable for use in high 
speed microprocessor systems. 


Table 1. Signal Names 


V. 


Program Supply 
a Supply Voltage 


March 1993 


PDIP32 (P) PLCC32 (kK) 


Figure 1. Logic Diagram 


K > DQO-DQ7 


VA00688B 
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Figure 2A. DIP Pin Connections 


CONOONFWN 


2 
M28F 256 


VA00689 


Warning: NC = No Connection 


Table 2. Absolute Maximum Ratings 


Symbol 
Ta 


Ambient Operating Temperature 


or Programming 


Parameter Value | unit | 


grade 1 0 to 70 
grade 3 -—40 to 125 
grade 6 —40 to 85 


Program Supply Voltage, during Erase 


Figure 2B. LCC Pin Connections 


M28F 256 


VAO0690 


Warning: NC = No Connection 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DEVICE OPERATION 


The M28F256 FLASH MEMORY employs a tech- 
nology similar to a 256K EPROM but adds to the 
device functionality by providing electrical erasure 
and programming. These functions are managed 
by a command register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 


2/15 IST, SGS-THO 


input. When Vpp is less than or equal to 6.5V, the 
command register is disabled and M28F256 func- 
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output Dis- 
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command register 
is enabled and this provides, in addition, Erase and 
Program operations. 


SON 
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READ ONLY MODES, Vpp < 6.5V 


For all Read Only Modes, except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is ‘don’t care’. 


Read Mode. The M28F256 has two enable inputs, 
E and G, both of which must be Low in order to 
output data from the memory. The Chip Enable (E) 
is the power control and should be used for device 
selection. Output Enable (G) is the output control 
and should be used to gate data on to the output, 
independant of the device selection. 


Standby Mode. In the Standby Mode the maxi- 
mum supply current is reduced from 30mA to 
200uA. The device is placed in the Standby Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
impedance state, independant of the Output En- 
able (G) input. 


Output Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
State. 


Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip- 
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high voltage (11.5V to 13V) 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 


Table 3. Operations “) 


Read Only VPPL Read 


Note: 1. X=Vicor Vin 
2. Refer also to the Command Table 


[| wr | oneation | © [8 | Ww 
a 
Towne |v | vw | wf xn 
Tecan Sree | vu | ve | vw [vw [oes 
"|" Ee PE 
[santy | we [x | x [x [we 
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READ/WRITE MODES, 11.4V < Vpp < 12.6V 


When Vpp is High both read and write operations 
may be performed. These are defined by the con- 
tents of an internal command register. Commands 
may be written to this register to set-up and exe- 
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 


Awrite to the command register is made by bringing 
W Low while E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 


When the device is powered up and when Vpp is < 
6.5V the contents of the command register default 
to 00h, thus automatically setting-up Read opera- 
tions. In addition a specific command may be used 
to set the command register to 00h for reading the 
memory. 


The system designer may chose to provide a con- 
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem- 
Ory. 


[ne | p00-par 
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Table 4. Electronic Signature 


| par | pas | 
ae 
ae ee 


Manufacturer’s Code 


Table 5. Commands ") 


ist Cycle 


Setup Erase/ 


Erase 


Note: 1. X=Vitor Vin 


READ/WRITE MODES (cont’d) 


If the device is deselected during Erasure, Pro- 
gramming or Verification it will draw active supply 
currents until the operations are terminated. 


Read Mode. The Read Mode is the default at 
power up or may be set-up by writing 00h to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 


Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on- 
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com- 
mand register. The Electronic Signature Mode is 
set-up by writing 90h to the command register. The 
following read cycle, with address inputs 0000h or 
0001h, output the manufacturer or device type 
codes. The command is terminated by writing an- 
other valid command to the command register (for 
example Reset). 


cree ee ee 
eee 


Command Cycles 
ao-a14_| Dao-Da7 Ao-A14_| DQo-DQ7 
x as ra 


Electronic : 
seme] fmm | | me 


is a 
Erase Verily po-at4 | oadh 
ee ee 


Hex Data 


of an 
To [one 


cae 
ea 


2nd Cycle 


00h 


20h 


Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to 00h, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 


The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
followed by an Erase Verify which reads an ad- 
dressed byte. 


Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 
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READ/WRITE MODES (cont’d) 


As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con- 
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 
command to the command register (for example 
Program or Reset). 


Program and Program Verify Modes. The Pro- - 


gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
second cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 10ns 
Input Pulse Voltages 0.45V to 2.4V 
Input and Output Timing Ref. Voltages 0.8V to 2V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


Cin Input Capacitance 


Output Capacitance 


Note: 1. Sampled only, not 100% tested 
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Program Verify Mode is set-up by writing OCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program- 
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 


Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol- 
lowed by writing a valid command to the the com- 
mand register (for example Read). 


Figure 4. AC Testing Load Circuit 


DEVICE 
UNDER 
TEST C, =100pF 


C,; includes JIG capacitance 


VA00B28 


Vin = OV 
Vout = OV 
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Table 7. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 5% or 5V + 10%) 


[symiot | arameter | _—_TestGonditon [win [wax | Unit 
tu [tputtestagecuren’ | eveWweves fist | a 
to [OuputLestage Curent | _oveVoureVon | + sto na 

Supply Current (Standby) CMOS | EaVecto2v. = | —sS200 ss a 
ese supiy Cure Prograrmningy | ung Progerming |_| 10 | ma 
ees | supiycurent Progam veniy | _Dutrgvery | ‘| a0 | ma 
| tcca | Supply Current (Erase) | During Erasure, =| || mak 
| tcos” | supply Curent (Erase Verty) | ___—During Erase Verty |_| 30m 
toe | progam Leckage Curent | VnsVen— | «dt | ak 

Program Current (Reador  |_— Ve >Veo_ =| | 200 | 
Vee = Vern. During Programming |_| 30_ | mA 


grower | wevmowawn || + [at 
[tera | Program Curent (Erase) | Vee =VrrwDuringerase | | 80 | mA 
Program Current (Erase Verify) | Vep=Vpex, During Erase Verity | | 5s ma | 
| Ve __|inputtowvotage =| fs | ow | 
Vn [imbuttighvotageT™ | | ccs |v | 
Tnparign votage cmos | —SSSSCS~S~*~*drC«C eg | Wen |v 
[va [ouputtowvotege «| tween Yom 
FoupurighvotageTr: | —tow=-2sma———i| ea || 
a 


veo-08 | 
Program Voltage (Read 
Operations) Ze 


Program Voltage (Read/Write 
Operations) te * 


6 
AQ Voltage (Electronic Signature) 3 
lip (1) 


pons | ts |v 
|p | AQ Current (Electronic Signature) AQ = Vip I | 


Note: 1. Not 100% Tested. Charactensation Data available. 
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Table 8A. Read Only Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C, —40 to 125 °C; Voc = 5V + 5% or 5V + 10%; OV < Vpp < 6.5V) 


ae 
Symbol Parameter 


sn A Se 
E=ViG=ve | | 120 | ns _| 


' t Chip Enable Low to Output 
ELOX CEL reg eee errr en 


Lee i | tce | Chip Enable Low to Output Valid Enable Low to Output Valid 


t t Output Enable Low to Output 
ere OEE an 


| toe | Output Enable Low to Output vaid| Eau | 
ef Enable High to Output HiZ a 


| tear | | tor | Output Enable High to Output Hi-Z | Enable High to Output Hi- z| Esu | 


Address Transition to Output 


Note: 1. Sampled only, not 100% tested 


Test Condition 


i 


Table 8B. Read Only Mode AC Characteristics 
((Ta = 0 to 70 °C, -40 to 85 °C, —40 to 125 °C; Voc = 5V + 5% or 5V + 10%; OV < Vpp $< 6.5V) 


M28F256 
Symbol Parameter 


“15 
[min | Max | in | Max 
|tway | two [ReadcyteTime | EsvuGeve | 150 | | 200 | | ns | 
E=vuG=vi | | 150 | | 200 | ns | 


t t Chip Enable Low to Output _ 
GEOR es ee ee - 


| tev | | tce | Chip Enable Low to | Chip Enable Low to Output Valid Valid | Geve | Ci to | | 200 


Test Condition 


tron 


| een 
po {3 [ o | 40 | as 


po aaa Transition to Output 


Note: 1. Sampled only, not 100% tested 
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Figure 5. Read Mode AC Waveforms 
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Figure 6. Read Command Waveforms 
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Figure 7. Electronic Signature Command Waveforms 
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Table 9A. Read/Write Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V +5% or 5V + 10%; Vpp = 12V) 


Symbol Parameter ae 

| min | Max 
ine | [vetipectpemiete 
Write Cycle Time ee 
won | tus [Aes Valeo ite Enabetow 
Tew [Wie netic Lowio AdvessTasn oP 
| tam | tos _| Chip Enable LowtoWriteEnableLow | 20 | ns 
| town |_| Output Enable High to Write EnableLow |_| ns 
| town | tos | InputValid to Write Enable High ||| 
| tw _|_twe | Write Enable Low to Write Enable High (Write Pulse) | 60 | | 
[Chip Enable Low to Chip Enable High Write Pulse) | 60 | |g 
pins | 


Write Enable High to Input Transition 
Eee ae Duration of Program Operation 105 


[we Grable igh e Criperabotigh —SCSC~=~*~—rSCi Cd 
wan [wre [Wie Eras igh ote Enabetow da 
Timer [| Wie Erabie igh cOuputerabietww ——=SsS~=éidtCis SY 
ar a 
Tiaoe | tex [chi enate Lowio Ouputtanstion ———SSCS=~idtC 

Tao | tee [On EnabitowioOupavers ———SSS~idCS*S~C~*irtCti 
Tee | ton [Outpt Enable Low o OuputTarston Side 
a a 
ewe" | teor [chipenabe Hight ouputttz ————SSSCS~idCSidY 
T woe [tox [Ades Tanston'o upu Taso Si 


Notes: 1. Sampled only, not 100% tested = —_ 
2. A Write is enabled by a valid combination of Chip Enable (E) and Write Enable (W). When Write is controlled by Chip Enable 
(with a Chip Enable pulse width smaller than Write Enable), all timings should be measured relative to Chip Enable waveform. 
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Table 9B. Read/Write Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vec = 5V 5% or 5V + 10%; Vpp = 12V) 


a 


Time | | ertighic chperanotow 
: 
i 


tavWL 


Output Enable High to Write Enable Low ee 
town | tos [Imoutvaidiownteraverin ——=SSC* SO || SO] ne 

tw | twe | Write Enable Low to Write Enable High (Write Pulse) | 60 | | 60 | | ns_| 
| tae!” | | Chip Enable Low to Chip Enable High Write Pulse) | 60 | | 60 |_| ns 
| twnox | ton | Write Enable HightoimputTransiion | 40 | | to | ne 
Fawn | [Duration o Program Operation «dt as | 105 | 05 | 105 | us | 
wane | | Duratonorzrase perton ———~=~S~S*~*idt Bs | vos | es | 105 | ms 
| twien | ton | Write Enable High to Chip EnableHigh | 0 | | o || ns | 
[wane | wen | wit EnabieHighto wie Enabiouow ————~+| 20 | | 20 | | ns 
| twice. |_| Write Enable High toOutputenabletow | 6 | | 6 || ns 
| twov_| taco | Addess validto data ouput || t50 || 200 | ns _ 
tao | ten | cnpenabietowioOunsttiansion Sst | | 0 || re 
| terox | to._| OutputEnableLowto Output Transiton | 0 | | o | | ns_| 
| ta | toe [OutputEnableLowtoOutputvaid | 85 | | 60 | ns 
| tenoz® | toor | ChipenableHightoouputHiz || 85 | | 60 | ns 
| tonoz” | tor | OutputEnableHigh to Outputz || 5 || 40 | ns_| 
| twox | ton [Adaress Transition toOutput Transition fo || oo | ns 


Notes: 1. Sampled only, not 100% tested = oot 
2. A Write is enabled by a valid combination of Chip Enable (E) and Write Enable (W). When Write is controlled by Chip Enable 
(with a Chip Enable pulse width smaller than Write Enable), all timings should be measured relative to Chip Enable waveform. 


[Min 
| 100_ 
| 150_ 
[Address Valid to Write EnableLow | 
| 60 
| 20 
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Figure 8. Erase Set-up and Erase Verify Commands Waveforms 
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Figure 9. Program Set-up and Program Verify Commands Waveforms 
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Figure 10. Erasing Flowchart 
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PRESTO F ERASE ALGORITHM 


The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programs all bytes to 00h in order to 
ensure uniform erasure. The programming follows 
the Presto F Programming Algorithm (see below). 
Erase is set-up by writing 20h to the command 
register, the erasure is started by repeating this 
write cycle. Erase Verify is set-up by writing OAOh 
to the command register together with the address 
of the byte to be verified. The subsequent read 
cycle reads the data which is compared to OFFh. 
Erase Verify begins at address 0000h and contin- 
ues to the last address or until the comparison of 
the data to OFFh fails. If this occurs, the address of 
the last byte checked is stored and a new Erase 
operation performed. Erase Verify then continues 
from the address of the stored location. 
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Figure 11. Programming Flowchart 
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PRESTO F PROGRAM ALGORITHM 


The PRESTO F Programming Algorithm applies a 
series of 100s programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op- 
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 


MSON 


MICROELECTROMICS 
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ORDERING INFORMATION SCHEME 


Example: M28F256 -12 X B 1 TR 


Temp. Range 


412 120ns blank  +10% B PDIP32 1 0t070°C TR Tape & Reel 
415 150ns x + 5% C PLCC32 3 40 to 125°C Pacning 
20 200ns 6 -40t0 85°C 


For a list of available options (Speed, Vcc Tolerance, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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CMOS 256K (82K x 8, Chip Erase) FLASH MEMORY 


a FAST ACCESS TIME: 120ns 
es LOW POWER CONSUMPTION 
— Standby Current: 200nA Max 
= 10,000 ERASE/PROGRAM CYCLES 
# 12V PROGRAMMING VOLTAGE 


TYPICAL BYTE PROGRAMING TIME 10us 
(PRESTO F ALGORITHM) 


=» ELECTRICAL CHIP ERASE IN 1s RANGE 


# INTEGRATED ERASE/PROGRAM-STOP 
TIMER 


DESCRIPTION 


The M28F256A FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed byte-by-byte. It is or- 
ganised as 32K bytes of 8 bits. It uses a command 
register architecture to select the operating modes 
and thus provides a simple microprocessor inter- 
face. The M28F256A FLASH MEMORY is suitable 
for applications where the memory has to be repro- 
grammed in the equipment. The access time of 
100ns makes the device suitable for use in high 
speed microprocessor systems. 


Table 1. Signal Names 


re ouputerave 


</<|/sjol|m 


nll 


March 1993 


PDIP32 (B) PLCC32 (C) 


Figure 1. Logic Diagram 


K - > DQO-DQ7 


VA0067SB 


1/15 
259 


M28F256A 


Figure 2A. DIP Pin Connections 
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24 
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ae 
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Warning: NC = No Connection 


Table 2. Absolute Maximum Ratings 


Ambient Operating Temperature 


Figure 2B. LCC Pin Connections 


M28F 256A 


VA00681 


Warning: NC = No Connection 


0 to 70 
—40 to 125 
—40 to 85 


grade 1 
grade 3 
grade 6 


Storage Temperature —65 to 150 


Input or Output Voltages -—0.6 to7 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DEVICE OPERATION 


The M28F256A FLASH MEMORY employs a tech- 
nology similar to a 256K EPROM but adds to the 
device functionality by providing electrical erasure 
and programming. These functions are managed 
by a command register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 


input. When Vpp is less than or equal to 6.5V, the 
command register is disabled and M28F256A func- 
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output 'Dis- 
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command register 
is enabled and this provides, in addition, Erase and 
Program operations. 
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READ ONLY MODES, Vpp < 6.5V 


For all Read Only Modes, except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is don’t care. 


Read Mode. The M28F256A has two enable in- 
puts, E and G, both of which must be Low in order 
to output data from the memory. The Chip Enable 
(E) is the power control and should be used for 
device selection. Output Enable (G) is the output 
control and should be used to gate data on to the 
output, independant of the device selection. 


Standby Mode. In the Standby Mode the maxi- 
mum supply current is reduced from 30mA to 
200uA. The device is placed in the Standby Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
impedance state, independant of the ee En- 
able (G) input. 

Output Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 


Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip- 
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high voltage (11.5V to 13V) 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 


Table 3. Operations ) 


Read Only VpPL Read 


Note: 1. X=ViiorVin 
2. Refer also to the Command Table 


[| we | cpewin | 2 | @ | w | ne 
[wie [ve | vw | varus | a0 | Detain 

Toupuoease | va) vw vw 

[sandy [vw [x | x | x | me 
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READ/WRITE MODES, 11.4V < Vpp < 12.6V 


When Vpp is High both read and write operations 
may be performed. These are defined by the con- 
tents of an internal command register. Commands 
may be written to this register to set-up and exe- 
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the comman4d, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 


Awrite to the command register is made by bringing 
W Lowwhile E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 


When the device is powered up and when Vpp is < 
6.5V the contents of the command register default 
to 00h, thus automatically setting-up Read opera- 
tions. In addition a specific command may be used 
to set the command register to 00h for reading the 
memory. 


The system designer may chose to provide a con- 
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem- 
ory. All command register access is inhibited when 
Vcc falls below the Erase/Write Lockout Voltage 
(VLKo) of 2.5V. 


DQO - DQ7 


x [ne 
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Table 4. Electronic Signature 


| __lentiir _|_ao_| a7 | bas | bas | pas | bas | 


| dae | ba 
[ManufacturersCove | vu | o | o | + | o | o | 0 | 
jDevicecode | vm | 1 | of + | o ft | of 8 


Table 5. Commands “) 


Red | Write 


Setup Erase/ 


Erase 


Setup Program/ 


Program 


Reset 
Note: 1. X=Vicor Vin 


READ/WRITE MODES (cont'd) 


If the device is deselected during Erasure, Pro- 
gramming or Verification it will draw active supply 
currents until the operations are terminated. 


The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 
internal stop timer automatically stops the opera- 
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 


Read Mode. The Read Mode is the default at 
power up or may be set-up by writing 00h to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 


Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on- 
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 


ist Cycle 


Seana Mena | andcycle 
ear ane footer 


an 
== -{= pete 
wae [x [ee fT 
Se 

Ferseveiy [2 | wie | aoa | ono | eed | x | aa ous 
a 
tere oat pe 
Feran vey [2 | wie [x | ooo [reed [x | baa ouput 
[2 [wie [x [ore wo |x |e 


2nd Cycle 


apply a high voltage to A9 when using the com- 
mand register. The Electronic Signature Mode is 
set-up by writing 90h to the command register. The 
following read cycle, with address inputs O000h or 
O001h, output the manufacturer or device type 
codes. The command is terminated by writing an- 
other valid command to the command register (for 
example Reset). 


Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to 00h, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 


The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
followed by an Erase Verify which reads an ad- 
dressed byte. 


Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 
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READ/WRITE MODES (cont'd) 


edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 


As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con- 
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 
command to the command register (for example 
Program or Reset). 


Program and Program Verify Modes. The Pro- 
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 10ns 
Input Pulse Voltages 0.45V to 2.4V 
Input and Output Timing Ref. Voltages 0.8V to 2V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


VA00827 


Table 6. Capacitance “) (Ta = 25 °C, f= 1 MHz) 


a 


Court Output Capacitance 


Note: 1. Sampled only, not 100% tested 


M28F256A 


which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
secind cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 


Program Verify Mode is set-up by writing OCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program- 
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 


Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol- 
lowed by writing a valid command to the the com- 
mand register (for example Read). 


Figure 4. AC Testing Load Circuit 
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Table 7. DC Characteristics 
(Ta = 0 to 70 °C, -40 to 85 °C or —40 to 125 °C; Voc = 5V + 5% or Voc = 5V + 10%) 


Symbol 
) 


ele 


I 
Ie 
Ic m 

m 
C 


= 
Ba 


Icce 


win 

an 

a 

is 

3 i 

i , er 

aes 

a 

) ad 

3 | 

3 a 

acm 
1H 
L 


B 


loca 
locs Supply Current (Erase Verify During Erase Verify 
itpp _| Program Leakage Current | epsVeo | S00 


+100 


m 


5 


Program Current (Read or 
a) 
Program Current (Programming) Vpp = Vppu, During Programming 


FInputtowVoltage | 
[inputHighVotageTTL | 2 Vc 4 05 
jInputHigh VoltagecMos | 7 Veo | Veo + 0.5 


2 
lo. = 5.8mA (grade 1) ee 
Output Low Voltage 
ln=21mA(gade6) | | 0.45 
lox = —100HA rr 


lon=-2.5mA (grade) | Veo-08 | | Vi 
Output High Voltage TTL lon = —2.5mA a ae ees oe 


Program Voltage (Read 
VpPL Operations) 


Program Voltage (Read/Write 
eee ee is |v 


Vip AQ Voltage (Electronic Signature) roy | 
io ~—| AQ Current (Electronic Signature) AQ = Vin (grade 1) (ee 200 
Ao =Vn (yada) | | 600] a 


Note: 1. Not 100% Tested. Characterisation Data available. 


5 


A 
m 


m 
m 
m 
m 
1 
Ips! 
m 


A 
A 
A 
A 
A 
LA 
A 
A 
A 


i 
m°] 
po 


| Max 
ier at 
2 
3 
3 


| 
10 
0 
1 
00 
0 
0 
5 
0 
00 
0 
5 
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Ippqt! 
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Table 8A. Read Only Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 10%; OV < Vpp < 6.5V) 


M28F256A 
io al ai 


Address Valid to Output Valid =Vi, G=Vin ME Lee 


| tee | Chip Enable Low to Output Valid 


t t Output Enable Low to Output 
atax | Oe grrr 


ae | | toe | Output Enable Low to | Output Enable Low to Output Valid valid} E=W | 


fa |“ Jeeeneomens | acu fo fo fs 
tea |__| one ee nore 


t Address Transition to Output 
pon Transition 


Note: 1. Sampled only, not 100% tested 


Test Condition 


| 


E=Vi,G=Vi 


m| 
vy 


Table 8B. Read Only Mode AC Characteristics 
((Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 10%; OV < Vpp < 6.5V) 


M28F256A 
Symbol Parameter | 20 


15 
[in | Max | min | Max | 

| twav | tre | ReadCycleTime | E=VuG=Vn | 150 | | 200 | | ns | 

E=WiG=Ve | | 150 | | 200 | ns | 


t Chip Enable Low to Output = 
ELax | = a 


| tev | toe _| Chip Enable Low to Output Vaid _ feeecaeseenes [eat pa 


t t Output Enable Low to Output 
atax | Ol2 | Transition 


taLav See Output Enable Low to Output vaid |  E=Vn | 


| evi. | 
res" [~ [aeoamnpanmns |e tate [stele 
[35 {| o | 40 | ns 


- fou Transition to Output 


Note: 1. Sampled only, not 100% tested 


Test Condition 
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Figure 5. Read Mode AC Waveforms 
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Figure 6. Read Command Waveforms 
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Figure 7. Electronic Signature Command Waveforms 
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Table 9A. Read/Write Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 5V + 5% or Voc = 5V + 10%: Vpp = 12V 


M28F256A 
Symbol Parameter 


Vpp High to Chip Enable Low 
Write Cycle Time 


Ce 
— 
won | tas [Aros Vado Wie Enabetow ———SSSC*d 
we | tor | Wite Enable Low to Across Tansion at 
Ttamn | tes | io Endl tow to WiteEnate low ao 
Tem | [ouput erate gh oWiteEnabiouow «do 
Ton | os [nputvaiciowitecraverign da 
wn | [Wie Erle Low Wie Enabie High (we Pusey | eo 
izes || chip Enable tow to Chip Endl tigh ite Pusey [70 
wor | tor [ite ered Hightoipu Tension | 10 
Twine | [DuratonofPegam Operon St 
Tunane || Duan free Operation ——SSSSC~*dtC 
a 00h <—s 

sh 

. e 

_—_ 

< 

. a 

=. 

ae 

a 

oe 


tWHEH Write Enable High to Chip Enable High 


Write Enable High to Write Enable Low 


| twice |_| Write Enable High to Output Enable Low 
| taov_| toe _| Chip Enable Low to Outputvaid 
Output Enable Low to Output Transition 

Tiesoy [toe | Output Enable Low toOuiutVaid 
| towoz | tor | Output Enable High to OutputHeZ 
Address Transition to Output Transition 


Notes: 1. Sampled only, not 100% tested = oss 
2. AWrite is enabled by a valid combination of Chip Enable (E) and Write Enable (W). When Write ts controlled by Chip Enable 
(with a Chip Enable pulse width smaller than Write Enable), all timings should be measured relative to Chip Enable waveform. 


) 
2 
| Max 
a 
we aa eS 
hs ps 
ta ps 
ts P| is 
pts 
os P| ns | 
we PL 
ae oe 
toy pt ns 
a a 
pf ims | 
tor = 
fee 
pts 
| | ls | 
{ce | 120 | ons | 
P| ns | 
oe | so | ons | 
or 
oN ae 
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Table 9B. Read/Write Mode AC Characteristics 
(Ta = 0 to 70 °C, -40 to 85 °C or —40 to 125 °C; Vcc = 5V + 5% or Voc = 5V + 10%: Vpp = 12V) 


ba tot MU 
ae 


ee 
ne 
won | toe | ess vatdtoWiEnatitow Si | | 
me | | Wit EatioLowio adress Tension «dw | [78 | |e 
tain | tes | Crip Erdle Low toWiteEnabetow +20 || 20 || as 
Tan | [oupserabie righ owrieratietw ‘to [o| [1s 
town | tos [put vaio witeEnabiorign __————~dt so | | so | |e 
wim | | Wit Enatie Low o wre erable igh ie Puss) [eo | [eo [| 1s 
wei || hip Enable Low to cp Enable High te Puss) | 70| [70 | | 6 
wor | tor | Wite enti High a ouTenston 
ee a 
twne || brain ot race Operation ————SSSC~«i 
woes | tox | Wit Enable High Chip erabo igh 
twee | | Wit Enable High to Ouput Enable Low 
re er 
Pace | ee [owteretovieoupte 
et. an 
Toe | tor | iss Tasiton to Oupu Tans 


Notes: 1. Sampled only, not 100% tested 
2. A Write is enabled by a valid combination of Chip Enable (E) and Write Enable (W). When Write is controlled by Chip Enable 
(with a Chip Enable pulse width smaller than Write Enable), all timings should be measured relative to Chip Enable waveform. 
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Figure 8. Erase Set-up and Erase Verify Commands Waveforms 
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Figure 9. Program Set-up and Program Verify Commands Waveforms 
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Figure 10. Erasing Flowchart 
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Limit: 1000 at grades 1 & 6; 6000 at grade 3. 


PRESTO F ERASE ALGORITHM 


The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all bytes to 00h in order 
to ensure uniform erasure. The programming fol- 
lows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 20h to the com- 
mand register, the erasure is started by repeating 
this write cycle. Erase Verify is set-up by writing 
OAOh to the command register together with the 
address of the byte to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFh. Erase Verify begins at address 0000h and 
continues to the last address or until the compari- 
son of the data to OFFh fails. If this occurs, the 
address of the last byte checked is stored anda 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 


Figure 11. Programming Fiowchart 
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PRESTO F PROGRAM ALGORITHM 


The PRESTO F Programming Algorithm applies a 
series of 10us programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
Operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op- 
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 
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ORDERING INFORMATION SCHEME 


Example: M28F256A -12 X B 


ee so Range | [___Option 


-12 120 ns blank + 10% B PDIP32 0 to 70 °C Y3 1,000 Cycles 
-15 150 ns X + 5% C PLCC32 3 —40to 125°C TR Tape & Reel 
-20 200 ns 6 —40to85°C Packing 


For a list of available options (Speed, Vcc Tolerance, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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CMOS 512K (64K x 8, Chip Erase) FLASH MEMORY 


=» FAST ACCESS TIME: 120ns 
=» LOW POWER CONSUMPTION 
— Standby Current: 200uA Max 
=# 10,000 ERASE/PROGRAM CYCLES 
=» 12V PROGRAMMING VOLTAGE 


= TYPICAL BYTE PROGRAMMING TIME 10us 
(PRESTO F ALGORITHM) 


=» ELECTRICAL CHIP ERASE IN 1s RANGE 


# INTEGRATED ERASE/PROGRAM-STOP 
TIMER 


DESCRIPTION 


The M28F512 FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed byte-by-byte. It is or- 
ganised as 64K bytes of 8 bits. It uses a command 
register architecture to select the operating modes 
and thus provides a simple microprocessor inter- 
face. The M28F512 FLASH MEMORY is suitable 
for applications where the memory has to be repro- 
grammed in the equipment. The access time of 
100ns makes the device suitable for use in high 
speed microprocessor systems. 


Table 1. Signal Names 


Address Inputs 
- Data Inputs / Outputs 


Chip Enable 
Output Enable 


Write Enable 
PP Program Supply 


Supply Voltage 


Ground 


March 1993 


\ 

\ 

aN ae 
aqua! ; 


PDIP32 (B) PLCC32 (C) 


Figure 1. Logic Diagram 
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Figure 2A. DIP Pin Connections 
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Warning: NC = No Connection 


Table 2. Absolute Maximum Ratings 


Ambient Operating Temperature 


Figure 2B. LCC Pin Connections 


M28F512 


VA00550 


Warning: NC = No Connection 


0 to 70 
—40 to 125 


grade 1 
grade 3 
grade 6 


Storage Temperature -65 to 150 


Input or Output Voltages —0.6 to7 
Supply Voltage —0.6 to 7 
AQ Voltage -0.6 to 13.5 


Program Supply Voltage, during Erase 


or Programming 


—0.6 to 14 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DEVICE OPERATION 


The M28F512 FLASH MEMORY employs a tech- 
nology similar to a 512K EPROM but adds to the 
device functionality by providing electrical erasure 
and programming. These functions are managed 
by a command register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 
input. When Vpp is less than or equal to 6.5V, the 


command register is disabled and M28F512 func- 
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output Dis- 
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command register 
is enabled and this provides, in addition, Erase and 
Program operations. 
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READ ONLY MODES, Vpp < 6.5V 


For all Read Only Modes, except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is ’don’t care’. 


Read Mode. The M28F512 has two enable inputs, 
E and G, both of which must be Low in order to 
output data from the memory. The Chip Enable (E) 
is the power control and should be used for device 
selection. Output Enable (G) is the output control 
and should be used to gate data on to the output, 
independant of the device selection. 


Standby Mode. In the Standby Mode the maxi- 
mum supply current is reduced from 30mA to 
200A. The device is placed in the Standby Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
impedance state, independant of the Output En- 
able (G) input. 


Output Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 


Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip- 
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high voltage (11.5V to 13V) 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 


Table 3. Operations “) 


Read Only 


Standby 


Note: 1. X=Vi_or Vin 
2. Refer also to the Command Table 
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READ/WRITE MODES, 11.4V < Vpp < 12.6V 


When Vpp is High both read and write operations 
may be performed. These are defined by the con- 
tents of an internal command register. Commands 
may be written to this register to set-up and exe- 
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the comman4, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 


Awrite to the command register is made by bringing 
W Low while E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 


When the device is powered up and when Vpp is < 
6.5V the contents of the command register default 
to 00h, thus automatically setting-up Read opera- 
tions. In addition a specific command may be used 
to set the command register to OOh for reading the 
memory. 

The system designer may chose to provide a con- 
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem- 
ory. All command register access is inhibited when 
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Table 4. Electronic Signature 


| tentiier | ao_| a7 


Manufacturer's Code lv | o | 


[Device Code | vm | 0 


Table 5. Commands ") 


Electronic 
= et 


Setup Erase/ 


Erase 


Setup Program/ 


Program 


Program Very och 


Reset 


Note: 1. X=Vicor Vin 


READ/WRITE MODES (cont'd) 


Voc falls below the Erase/Write Lockout Voltage 
(VLKo) of 2.5V. 


If the device is deselected during Erasure, Pro- 
gramming or Verification it will draw active supply 
currents until the operations are terminated. 


The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 
internal stop timer automatically stops the opera- 
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 


Read Mode. The Read Mode is the default at 
power up or may be set-up by writing OOh to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 


Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on- 
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com- 
mand register. The Electronic Signature Mode is 
set-up by writing 90h to the command register. The 
following read cycle, with address inputs 0000h or 
0001h, output the manufacturer or device type 
codes. The command is terminated by writing an- 
other valid command to the command register (for 
example Reset). 


Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to 00h, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 


The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
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READ/WRITE MODES (cont'd) 


followed by an Erase Verify which reads an ad- 
dressed byte. 


Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 


As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con- 
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 
command to the command register (for example 
Program or Reset). 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 10ns 
Input Pulse Voltages 0.45V to 2.4V 
Input and Output Timing Ref. Voltages 0.8V to 2V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


Input Capacitance 
Output Capacitance 


Note: 1. Sampled only, not 100% tested 


M28F512 


Program and Program Verify Modes. The Pro- 
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
secind cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 


Program Verify Mode is set-up by writing OCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program- 
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 


Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol- 
lowed by writing a valid command to the the com- 
mand register (for example Read). 


Figure 4. AC Testing Load Circuit 
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Table 7. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 10%) 


Symbol | ___—Parameter_—— | Test Condition | Min. | Max | Unit_ 
[InputLeakage Curent | OVSVvsVec | st 
[OutputLeakage Curent | OV SVoursVoo | | 0A 
[Supply Current (Read) | E=Vuste ez | || ma 


Iu 
ILo < 
loc 
cc, Supply Curent (Standby TTL | E=V | Lt | ma 
| Supply Current (Standby) CMOS | E=Veczo2v |_| 200A 


Icce 


L 
Supply Current (Programming) During Programming a ee 
Supply Current (Program Verify) During Verify 


1) 
loog ™ 
) 
1) 


( 
( 
ica _| Supply Current (Erase) 
Ices | Supply Current (Erase Verify) During Erase Verify 


ee 
oe ee 
ae 
ILpp | Program Leakage Current re = 
Program Current (Reador  |__—Vep >Voo_ || 200 
re ee: 
|| 
30 
s) 


eles 


Ip") Program Current (Programming) | Veep = Vern, During Programming 


Ippo") ae Current (Program Vpp = Vppx, During Verify 


| 30 | ma | 
ar 
ire | Program Current (Erase) | _——Vep= Vern, DuringErase | | 30 | mA 
ipod | Program Current (Erase Verify) | Vrp=Vepu, During Erase Verity | |_| mA 
[inputlowVotage | C—“‘CNOCLCO HOS CL 8 | CV CY 
[InputHigh VotageTL | CC“‘“‘CS:*CO*SCO2: CO Voc 05 | V | 
[InputHigh VoltagecMos | CC*d'«CST Vow | cc S| | 
| 04s | ov | 

| 04s | Vv | 

pl 

Ew 

Pee eS 

flv 

ves fe 


Vit 
Vin 
OL 


V 


lo. = 5.8mA (grade 1) Hee te 0.45 
Output Low Voltage 
lo. = 2.1mA (grade 6) FL 0.48 


1 
8 
lon = —2.5mA (grade 1) Vcc —0.8 
4 
5 


Program Voltage (Read 


—" 
Nw 
rep) 


— 
is) 


AQ Voltage (Electronic Signature) 1. 
| AQ Current (Electronic Signature) 


Supply Voltage, Erase/Program 
Viko | Lock-out 6 


Note: 1. Not 100% tested. Characterisation Data available. 


Vip 
ID (1) 


nN 
oO 
oO 


Program Voltage (Read/Write 
re a 


Output High Voltage TTL lon = -2.5mA 
Vert | Operations) 
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Table 8A. Read Only Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 5V + 10%; OV < Vpp < 6.5V) 


IL 


G= IL 


V 
V 
VI 
V 
V 


G= IL 


Note: 1. Sampled only, not 100% tested 


Table 8B. Read Only Mode AC Characteristics 
((Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 10%; OV < Vpp < 6.5V) 


M28F512 
Symbol Parameter 


a ee ae ee 

[min | tax | min | Max | 
| tanv | tac | ReadoycteTime | E=VuG=ve | 150 | | 200 | | ns | 
E=vG=vi. | | 180 | | 200 | ns | 


(1) Chip Enable Low to Output ~ 
Vi 
(1) Output Enable Low to Output 7M 


ns 
| tacv | toe | OutputEnable Low toOutput Vaid | E=ve_ | | 88 | | 60 | ns 
[teraz | | ChipEnableHigh to OutoutHiz | G=vu | 0 | 85 | 0 | 60 | ns 


| toroz | tor | OutputEnableHightoOutputHiz | E=vn | o | 35 | o | 40 | ns 


saeezraretentoount | e-v.dem | o | = | o | | 


Note: 1. Sampled only, not 100% tested 


Test Condition 
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Figure 5. Read Mode AC Waveforms 
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Figure 7. Electronic Signature Command Waveforms 
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Table 9A. Read/Write Mode AC Characteristics - W and E Controlled 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V 5% or 5V + 10%) 


on ee 


| tvee. |__| Vep High to Chip Enable Low 
Co Vpp High to Write Enable Low 


M28F512 


77) n 


tvPH 


= 


Tr 


tWHWH3 tw 


Write Cycle Time 


tAVEL n 


[two 
tw | tas | Address Valid to Write EnableLow 
|__| Address Valid to Chip EnabieLow 
imax | tax | Write Enable Low to Address Transition | 
tum |__| Chip Enable Low to Address Transition 
texe__| tos_| Chip Enable Low to Write EnableLow 
tme._| | Write Enable Lowto Chip Enable Low 


S 

S 

tGHWL Us 
{GHEL us 
S 
s 


Input Valid to Write Enable High 


tpVWH 


|__| Input Valid to Chip Enable High 


toVEH 


Output Enable High to Chip Enable Low 


tWHDx 


tenox 
twawir | | Duration of Program Operation | 8S 
teven_| | Duration of Program Operation | 
twine | | Durationof Erase Operation, 


A 
A 
c 
D 
Ww 
D 
tWHEH Write Enable High to Chip Enable High 
\Z 
GC 
LZ 
O 
D 


i<o) 
or 


Ll 


TM 
m 


oO | O 
oo; oO 


Output Enable High to Write Enable Low Ie et 
tEHWH El Chip Enable High to Write Enable High ns 
tH Write Enable High to Write Enable Low 20 
tEHEL ai Chip Enable High to Chip Enable Low 20 
tWHGL Rd Write Enable High to Output Enable Low 
tEHGL Loe 4 Chip Enable High to Output Enable Low 

Addess Valid to data Output 


Eo 

20 

| 20 

| 6 

am 

a 

[Chip Enable Lowto Output Transition | 
i = 
| 0 

i tL 

a 

fe at 

oa 


US 
US 


tavav 


terax |) 


Chip Enable Low to Output Valid 
Output Enable Low to Output Transition 


tELav 
1) 


' ; 
t 
t 
t : 
tELEH Chip Enable Low to Chip Enable High (Write Pulse) 
Write Enable High to Input Transition 
' ; 
t 
O 


tGLax 


Cc 
S 
tWLWH Write Enable Low to Write Enable High (Write Pulse) 
H 
; 
E 


Notes: 1. Sampled only, not 100% tested a = 
2. A Write is enabled by a valid combination of Chip Enable (E) and Write Enable (W). When Wnte is controlled by Chip Enable 
(with a Chip Enable pulse width smaller than Write Enable), all tmings should be measured relative to Chip Enable waveform. 
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taLav t 
( 

( 


1 
1 
e) 
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teHaz ' 0 
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teHaz E 
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Table 9B. Read/Write Mode AC Characteristics - W and E Controlled 
(Ta =0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 5% or 5V + 10%) 


jomee | | me ae 
[in| tax | ain | nex 


| twee | | VepHightoChipEnablelow | | tt || ns 
| tvenm | | VeeHightoWrteEnableLow tt | tt Ts 
twiwis | two | Write ycteTime | 150 | | 200 | ns 
tw | tas | Address Valid torte Enablelow | | | oo | ns _| 
| twe_| | Address Valid toChipEnableLow | | | || ns 
twax | tan | Write Enable Lowto Address Transition | 60 |_| 60 || ns 
| teax | | Chip Enable Low toAddress Transition | 80 | | 0 | | ns 
| tam | tos | ChipEnable Lowto Write EnableLow | 20 | | 20 | ns 
[Write Enable Low toChipEnableLow | O | | Oo || ns 


tWLEL 


tGHWL 


toVvEH 


ten |__| Chip Enable Low to Chip Enable High Write Pulse) | 70 | | 70 | | ns 
[ton 10 | 


tWHDx 
tEHDx 
tWHWH1 


ia 
as 
teen |__| Durationof Program Operation sf 5 | fo | | us | 
sz 
hatte) 


tWHWH2 


tWHEH 


| 
town |__| ChipEnable High towrite EnableHigh | | | oo || ns _| 
twen_| Write Enable High toWrteEnableLow | 20 | | 20 | ns 
| tev. | | Chip Enable High toChipEnableLow | 20 || 20 || 
| twice. | | Write Enable High to OutputenableLow | 6 | | 6 || ns 
| ter. | [Chip Enable High to Output Enabletow | 8 | | 6 || us 
| tov | taco [AddessValidtodataOutput | 50 || 200 | ns 
[| teiox | tz | ChipénableLowtoOutputTransion | || || 
| taav | ice | ChipEnableLowtoOutputvais || 150 | | 200 | ns 
| tarox | to | OutputEnable Low to Output Transion | 8 | | | ns 
| tay | toe | Output Enable Lowto Outputvaid || 85 || 60 | ns 
J tenoz | | ChipEnableHighto Output Hz | 85 || 60 | ns 
| tooe | tor | Output EnableHigh toOutputHz || 85 || a0 | ns 
| trax | ton [Address Transition to Output Transition | co | | co || ns | 


Notes: 1. Sampled only, not 100% tested a ~ 
2. A Write is enabled by a valid combination of Chip Enable (E) and Wnte Enable (W). When Write is controlled by Chip Enable 
(with a Chip Enable pulse width smaller than Write Enable), all timings should be measured relative to Chip Enable waveform. 
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Figure 8. Erase Set-up and Erase Verify Commands Waveforms 
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Figure 9. Program Set-up and Program Verify Commands Waveforms - W Controlled 
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Figure 10. Program Set-up and Program Verify Commands Waveforms - E Controlled 
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Figure 11. Erasing Flowchart 
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Limit: 1000 at grades 1 & 6; 6000 at grade 3. 


PRESTO F ERASE ALGORITHM 


The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all bytes to 00h in order 
to ensure uniform erasure. The programming fol- 
lows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 20h to the com- 
mand register, the erasure is started by repeating 
this write cycle. Erase Verify is set-up by writing 
OAOh to the command register together with the 
address of the byte to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFh. Erase Verify begins at address 0000h and 
continues to the last address or until the compari- 
son of the data to OFFh fails. If this occurs, the 
address of the last byte checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 
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Figure 12. Programming Flowchart 
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PRESTO F PROGRAM ALGORITHM 


The PRESTO F Programming Algorithm applies a 
series of 10us programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op- 
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 
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ORDERING INFORMATION SCHEME 


Example: M28F512 -12 X C 1 TR 


Temp.Range || Option __| 


Vcc Tolerance 


412 120ns blank + 10% B PDIP32 1 Oto70°C Y3 1,000 Cycles 
-15 150 ns X + 5% C PLCC32 3 -40to 125°C TR Tape & Reel 
20 + 200ns 6 4010 85°C EaenINg 


For a list of available options (Speed, Vcc Tolerance, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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IT 303 THOMSON M28F107 


CMOS 1 Megabit (128K x 8, Chip Erase) FLASH MEMORY 


ADVANCE DATA 


e FAST ACCESS TIME: 100ns 
» LOW POWER CONSUMPTION 
— Standby Current: 100LA Max 
# 10,000 ERASE/PROGRAM CYCLES 


= 12V PROGRAMMING VOLTAGE mt Gc \ 


vy : a 
= TYPICAL BYTE PROGRAMING TIME 10us . Neer co 
(PRESTO F ALGORITHM) 


» ELECTRICAL CHIP ERASE in 1s RANGE PLCC32 (kK) 


BF INTEGRATED ERASE/PROGRAM-STOP 
TIMER 


SN 


< sO 
Ne 


~ 


TSOP32 (N) 
8x 20 mm 


DESCRIPTION 


The M28F101 FLASH MEMORY is a non-volatile  F'gure 1: Logic Diagram 
memory which may be erased electrically at the 
chip level and programmed byte-by-byte. It is or- 
ganised as 128K bytes of 8 bits. It uses a command 
register architecture to select the operating modes 
and thus provides a simple microprocessor inter- 
face. The M28F101 FLASH MEMORY is suitable 
for applications where the memory has to be repro- 
grammed in the equipment. The access time of 
100ns makes the device suitable for use in high 
speed microprocessor systems. 


K 7 > DQO-DQ7 


Table 1. Signal Names M28F101 
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This ts advance information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 294 
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Figure 2A. DIP Pin Connections 
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Warning: NC = No Connection 


Figure 2C. TSOP Pin Connections 


M28F101 
(Normal) 


Warning: NC = No Connection 
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Figure 2B. LCC Pin Connections 


M28F101 


VA00668 


Warning: NC = No Connection 


Figure 2D. TSOP Reverse Pin Connections 


M28F101 
(Reverse) 


VAQ0669 


Warning: NC = No Connection 
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Table 2. Absolute Maximum Ratings 


Ambient Operating Temperature 


grade 1 0 to 70 


grade 3 —40 to 125 °C 
grade 6 —40 to 85 


ae as eae ee 


|e _| svt oe Voltage, during Erase 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the S@S-THOMSON SURE Program and other relevant quality documents. 


DEVICE OPERATION 


The M28F101 FLASH MEMORY employs a tech- 
nology similar to a 1 Megabit EPROM but adds to 
the device functionality by providing electrical era- 
sure and programming. These functions are man- 
aged by acommand register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 
input. When Vpp is less than or equal to 6.5V, the 
command register is disabled and M28F101 func- 
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output Dis- 
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command regsiter 
is enabled and this provides, in addition, Erase and 
Program operations. 


READ ONLY MODES, Vpp < 6.5V 


For all Read Only Modes, except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is don’t care. 


Read Mode. The M28F101 has two enable inputs, 
E and G, both of which must be Low in order to 
output data from the memory. The Chip Enable (E) 
is the power control and should be used for device 
selection. Output Enable (G) is the output control 
and should be used to gate data on to the output, 
independant of the device selection. 


Standby Mode. In the Standby Mode the maxi- 
mum supply current is reduced from 30mA to 
100nA. The device is placed in the Standby Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 


impedance state, independant of the Output En- 
able (G) input. 


Output Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 


Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip- 
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high voltage (11.5V to 13V) 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 


READ/WRITE MODES, 11.4V < Vpp < 12.6V 


When Vpp is High both read and write operations 
may be performed. These are defined by the con- 
tents of an internal command register. Commands 
may be written to this register to set-up and exe- 
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the comman4d, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 
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Table 3. Operations “) 


[| we | opeaton [2 [| @ [| w | m0 | pa0-oar 


Note: 1.X=VicorVin 
2. Refer also to the Command Table 


Table 4. Electronic Signature 


Manufacturer’s Code VIL 


Table 5. Commands ") 


1st Cycl 2nd Cycle 
ee ae y 
aoaté | pa0-Da7 aoate | Da0-Da7 


Electronic 
Signature 


2 Write Xx 
00001 
write | xX | ais See 
, 
X 
AO 
X 
X 


Setup Erase/ 


od 


OCOh Data Output 
OFFh OFF 


Program 


Prost |e | wine | x 


Note: 1. X=Vicor Vin 


X 
X 
X 
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READ/WRITE MODES (cont'd) 


Awrite to the command register is made by bringing 
W Low while E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 


When the device is powered up and when Vpp is < 
6.5V the contents of the command register default 
to 00h, thus automatically setting-up Read opera- 
tions. In addition a specific command may be used 
to set the command register to 00h for reading the 
memory. 


The system designer may chose to provide a con- 
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem- 
ory. All command register access is inhibited when 
Vcc falls below the Erase/Write Lockout Voltage 
(ViKo) of 2.5V. 


If the device is deselected during Erasure, Pro- 
gramming or Verification it will draw active supply 
currents until the operations are terminated. 


The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 10ns 
Input Pulse Voltages 0.45V to 2.4V 
Input and Output Timing Ref. Voltages 0.8V to 2V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


VA00827 


Table 6. Capacitance ™ (Ta = 25°C, f=1 MHz) 


Note: 1. Sampled only, not 100% tested 


M28F101 


internal stop timer automatically stops the opera- 
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 


Read Mode. The Read Mode is the default at 
power up or may be set-up by writing 00h to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 


Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on- 
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com- 
mand register. The Electronic Signature Mode is 
set-up by writing 90h to the command register. The 
following read cycle, with address inputs 00000h or 
00007h, output the manufacturer or device type 
codes. The command is terminated by writing an- 
other valid command to the command register (for 
example Reset). 


Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to 00h, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 


The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 


Figure 4. AC Testing Load Circuit 


DEVICE 
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TEST C, =100pF 
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C, includes JIG capacitance 
VA00828 
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Table 7. DC Characteristics 
(Ta =0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 5% or 5V + 10%) 


a te ot ae ee a 
| ho | OutputLeakage Curent | oV sVoursVoo | || 
a 
ee 
Supply Current | Supply Current (Standby) CMOS _ CMOS | EeVectoov. =| sd toss 

[ca [Supply Current (Programming) | During Programming |_| 10. ma 
oC Ee ee a re ee 
Supply Current co | During Erasure | | toma 
ee 
| lupe | Program Leakage Current |_VepsVoo | S| ta 
= Program Current (Read or ee 
sail ee 

Vpp = Vppu, During Programming 


ae Te 


Program Current (Erase) Vpp = VppH, During Erase 


Program Current (Erase Verify) Vpp = Vppu, During Erase Verify ES 
Input Low Voltage ee ee OR OB 
Input High Votage TTL ee We ee 
InputHigh VotagecMos || (Teo | Veco | 
Output Low Voltage lo. = = 5.8mA (grade 1) Pf os | 
lou = 2.4mA (grade 6 — 
Output High Voltage CMOS loH = eo egeas a eS 
| tov=-2gma | oe Vec | |v 

Output High Voltage TTL lon = -2.5mMA | ag | | ve | 


Program Voltage (Read 
eee 
V Program Voltage (Read/Write 
PPH | Operations) 2 2.6 


| Vio _| A9 Voltage (Electronic Signature) J 11.8 
Fp | AQ Current (Electronic Signature) AQ = a ee — 


SUPPIY Voltage, Erase/Program 


Note: 1. Not 100% tested. Characterisation Data available. 
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Test Condition 


F 


Table 8A. Read Only Mode AC Characteristics 
M28F101 
Parameter 
Write Enable High to Output 
Enable Low 
| twa | tro | 
|| 120 | ns | 
(1) Chip Enable Low to Output zx 
t t Output Enable Low to Output 
Lax | Ol2Z | Transition 
— Output Enable Low to Output valid}  E=Vn | 
| tor | Output Enable High to Output HZ] E=vn | 
Address Transition to Output 


(Ta = 0 to 70 °C, —40 to 85 °C or -40 to 125 °C; Voc = 5V +5% or 5V + 10%; OV < Vpp < 6.5V) 

120 | | ns 
| tce | Chip Enable Low to Output Valid | Enable Low to Output Valid Seve |_| ot 
res [erammrgteowes [sem fete te tela 
Note: 1. Sampled only, not 100% tested 


Table 8B. Read Only Mode AC Characteristics 
((Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V 45% or 5V + 10%; OV < Vpp < 6.5V) 


pee a 01 
Symbol Parameter 


Write Enable High to Output 
SES PRES 


|tww | tro |Readcycieime | Ee VunGevn | 60 | | 200 | | ns | 
EsviG-vue | | 150] 


(1) Chip Enable Low to Output ae 
ces eS 0 mmc: 


— Chip Enable Low to Output Valid | 150. | 


t Output Enable Low to Output 
atax " Transition 


a eae eedl PEM 
Pea letntersoustee Teck To Tee To ba 
| towoe | tor | Output Enable High to OutputHiz | E=vn | o | 95 | o | 40 | ns | 


saireanstoniouot | zawdento|~|o| | 


Note: 1. Sampled only, not 100% tested 


Test Condition 
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Figure 5. Read Mode AC Waveforms 
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Figure 6. Read Command Waveforms 
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DQO0-DQ7 


“@—— READ SET-UP ———» 


VA00672 


8/16 a 
ge yy SGS-THOMSON 
298 


M28F101 


Figure 7. Electronic Signature Command Waveforms 


tVPHEL 


DQ0-DQ7 


#@— READ ELECTRONIC ——> 
SIGNATURE SET-UP 


READ/WRITE MODES (cont'd) 


to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
followed by an Erase Verify which reads an ad- 
dressed byte. 


Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 


As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con- 
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 


Gy SGS-THOMSON 
SF iiCROLLEGTRONCS 


(DATA OUT) OUT 


READ So 
' MANUFACTURER 
OR DEVICE 
VA00673 


command to the command register (for example 
Program or Reset). 


Program and Program Verify Modes. The Pro- 
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
secind cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 


Program Verify Mode is set-up by writing OCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program- 
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 


Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol- 
lowed by writing a valid command to the the com- 
mand register (for example Read). 
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Table 9A. Read/Write Mode AC Characteristics - W and E Controlled 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V 45% or 5V + 10%) 


M28F101 
Parameter -100 -120 


Symbol 


Vpp High to Chip Enable Low 

Vpp High to Write Enable Low 

twc Write Cycle Time 

tas Address Valid to Write Enable Low 
Address Valid to Chip Enable Low 


Write Enable Low to Address Transition 


tVPHEL 


tVPHWL 


ayo ye) 


on }o ye) 


— 
© 
i) 


tWHWH3 


taVEL 


tWLax taH 


Chip Enable Low to Address Transition 
Chip Enable Low to Write Enable Low 
Write Enable Low to Chip Enable Low 
Output Enable High to Write Enable Low 


wn | tap | Wits Enabi Low to Wie Enabio igh (ite Pasa) | 60 
tan || Chip Enable Low to Chip Enable High (ite use) | 70 || 7 
wor | tow | Wite Enable High toinputTrnsiion | 10 |_| 10 
nox [| hip Enable igh tonput Tension | 0 | 10 a 
Tan | | Dwain of Progam Open Sid as | pos |) as 
Tae | | duration of Progam Operation ————SSSCid as |p os | a 
Twnane [| Duration of ese Operation ——SS~id as |p as | 
wen | tox | Wie Enabi Hight Crip enabiovign to | 0 | oe 
tenn | | hip Enable ight Wite Enabievign ito | po | a 
win | rw | Wie Enable High toWiteEnabietow ‘| ao | | ao | | as 
t 


tELAX 


Comal 
3 


tELWL tcs 


tWLEL 


tGHWL 


{GHEL 


toVvWH 


tEHEL 
tWHGL 


es 

a Gea ehcee IL tie 
tEHGL el Chip Enable High to Output Enable Low fe | [eo] | os | 

| taco _| 


tavav 
(1 
1 


tELax 


teLav 


taLax ( 


taLav 


( 
( 


teEHaz 


) 
1) 
) 
1) 


taHaz 


e 


taxax 


Note: 1. Sampled only, not 100% tested 
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Table 9B. Read/Write Mode AC Characteristics - W and E Controlled 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V +5% or 5V + 10%) 


M28F101 
Symbol Parameter 


Vep High to Chip Enable Low 
Vpp High to Write Enable Low 
Write Cycle Time 


tvPHWL 


tWHWH3 


taVWL 


Address Valid to Write Enable Low 
Address Valid to Chip Enable Low 


tAVEL 


NO 
oO j— | — 
© 


Write Enable Low to Address Transition 


fa asl 

a 

|__| Chip Enable Low to Address Transition | 
tme._| | Write Enable Low to Chip EnableLow 
tom |__| Output Enable High to Write Enable Low 

Co 

= 

Lens 

= 

be 

bee 


tWLAX 


tELAX 


° 
sla 


tELWL 


ye) 
oO 
3 ]5 
ale 


tGHEL Output Enable High to Chip Enable Low 
t Input Valid to Write Enable High 


ao; oO 
oO |O 
leh 

¢7) 


toVEH 


Input Valid to Chip Enable High 


tWLWH 


Write Enable Low to Write Enable High (Write Pulse) 
i ) 


tELEH 


tWHDx 


Chip Enable Low to Chip Enable High (Write Pulse 


Chip Enable High to Input Transition 


tEHDx 


tWHWH1 


o/o}o}o |r 
olo [Oo 1frTol],o 
ae 
n 1” 


tEHEH1 Duration of Program Operation ; 


fe ie 
tWHWH2 fe Duration of Erase Operation , 


| fo | | te | 


Duration of Program Operation 


olo;o;ir.fun fr on la re) re 
FB 
n 


Write Enable High to Input Transition 


| tc | Write Enable High to Chip Enable High 
tEHWH Chip Enable High to Write Enable High 


teu 
tWHWL Write Enable High to Write Enable Low 
tEHEL ae Chip Enable High to Chip Enable Low 


tWHEH 


NM | Po 
oO };oO 
B 
>) 


twat 
tent 
twvav 
terox 


Chip Enable Low to Output Valid 
Output Enable Low to Output Transition 
Output Enable Low to Output Valid 


tELav 
1) 


tGLax 


( 
taLav 
(1) 
(1) 


[Chip Enable High toOutputH'Z | 85 || 60 | ns 
[OutputEnable High toOutputH-Z | 85 || 40 | ns 
[Address Transition to Output Transition | © | | oo | | ns 


Note: 1. Sampled only, not 100% tested 
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Figure 8. Erase Set-up and Erase Verify Commands Waveforms 
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Figure 9. Program Set-up and Program Verify Commands Waveforms - W Controlled 
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Figure 10. Program Set-up and Program Verify Commands Waveforms - E Controlled 
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Figure 11. Erasing Flowchart 


PROGRAM ALL 
BYTES TO OOh 


n=0, Addr=QO0000h 


ERASE SET—UP 


Wait 10ms 


ERASE VERIFY 
Latch Addr 


READ DATA OUTPUT 


Vpp < 6.5V 


FAIL 
Data 
OK 
Bf 


ES 


Last NO 
Addr 


YES 


READ COMMAND 


Vpp < 6.5V, PASS 


VA00678 


Limit: 1000 at grade 1; 6000 at grades 3 & 6. 


PRESTO F ERASE ALGORITHM 


The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all bytes to 00h in order 
to ensure uniform erasure. The programming fol- 
lows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 20h to the com- 
mand register, the erasure is started by repeating 
this write cycle. Erase Verify is set-up by writing 
OAOh to the command register together with the 
address of the byte to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFh. Erase Verify begins at address 0000h and 
continues to the last address or until the compari- 
son of the data to OFFh fails. If this occurs, the 
address of the last byte checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 


M28F101 


Figure 12. Programming Flowchart 


Wait 10us 


PROGRAM SET-UP 
Latch Addr, Data 
NO 
PROGRAM VERIFY 
E 


READ DATA OUTPUT 


Vpp < 6.5V S 


Y 
FAIL 
NO Data 
ok 
Last NO 
Addr 


YES 


READ COMMAND 


Vpp < 6.5V, PASS 


VA00677 


PRESTO F PROGRAM ALGORITHM 


The PRESTO F Programming Algorithm applies a 
series of 10s programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op- 
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 
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M28F101 


ORDERING INFORMATION SCHEME 


Example: M28F101 -100 X N 1 


-100 100 ns blank + 10% oo PDIP32 0 to 70 Teme Rorgs eee 

120 120ns x + 5% K PLCC32 3 40 to 125°C Pin-Out 

-150 150 ns N TSOP32 6 -40 to 85°C Y3 1,000 Cycles 
8x 20mm TR Tape & Reel 

-200 200 ns pacina 


For a list of available options (Speed, Vcc Tolerance, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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{ SGS-THOMSON M28F101A 
JF, WMICROELECTROMICS M28Vi01A 


CMOS 1 Megabit (128K x 8, Chip Erase) 
FLASH MEMORY 


PRODUCT CONCEPT 


= MEMORY CHIP ERASE 
= SUPPLY VOLTAGE in READ OPERATION 
— 5V+ 10% for M28F101A version 
— 3.3V + 0.3V for M28V101A version 
e 12V PROGRAMMING VOLTAGE 
= PROGRAM/ERASE CYCLES 
— 100,000 for M28F101A 
— 10,000 for M28V101A 
= PROGRAM/ERASE CONTROLLER 
— Program Byte-by-Byte 
— Data Polling and Toggle Protocol for P/E. C. 


Status 
= LOW POWER CONSUMPTION 
— 301A Typical in Standby TSOP32 (N) 
= FAST ACCESS TIMES 8x 20mm 


— 60ns for M28F101A version 
— 150ns for M28V101A version 


Figure 1. Logic Diagram 
DESCRIPTION 


The M28F101A, M28V101A FLASH MEMORY 
products are non-volatile memories that may be 
erased electrically in bulk and programmed byte- 
by-byte. The interface is directly compatible with 
most microprocessors. The device is available in 
PDIP32, PLCC32 and TSOP22 (8 x 20mm). Both 
normal and reverse pin outs are available for the 
TSOP32 package. 


Table 1. Signal Names 


M28F101A 


M28V101A 


Write Enable 
Program Supply 
Supply Voltage 


VA01141 


Ground 


August 1993 1/4 


This is advance information on a new product now undergoing evaluation. Details are subject to change without notice. 
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M28F101A, M28V101A 


Figure 2A. DIP Pin Connections 


a2 
31 
30 
29 
28 
27 
7 26 
8 M28F101A 25 
9 M28V101A 24 
10 23 
11 OY 
12 21 
13 20 
14 19 
15 18 
16 17 


VA01142 


Warning: NC = No Connection 


Figure 2C. TSOP Pin Connections 


M28F101A 
M28V1IO1A 


(Normal) 


Warning: NC = No Connection 
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Figure 2B. LCC Pin Connections 


M28F101A 
M28V101A 


VA01143 


Warning: NC = No Connection 


Figure 2D. TSOP Reverse Pin Connections 


M28F101A 
M28V101A 
(Reverse) 


VA01144 


Warning: NC = No Connection 


ky S&S; THOMSON 


Organisation 


The organisation is 128K x 8 with Address lines 
AO-A16 and Data Input/Outputs DQ0-DQ7. Mem- 
ory control is provided by Chip Enable, Output 
Enable and Write Enable inputs. 


Erase and Program are performed under control of 
the internal Program/Erase Controller (P/E.C.). 


Data Output bits DQ7 and DQ6 provide polling or 
toggle signals during Automatic Program or Erase 
to indicate the Busy/Ready state of the internal 
Program/Erase Controller. 


Command Interface 


The memory is interfaced by 5 operation cycles for 
reading the array, reading the Electronic Signature, 
output disable, standby or writing. 


Command bytes can be written to a Command 
Interface latch to perform instructions for reading 
(array or Electronic Signature), erasure, program- 
ing or reset. When power is first applied, or if Vcc 
falls below VLko, the command interface is reset to 
read the array. 


Table 2. Instructions 


| ce Erase auto Auto | Write 


pet [reset | 42 


Notes: 1. X = Don’t Care 


ist | asteycte | 


Cycles 2 “ 
pera- (1) pera- Ad- Data 
, Array 
Read Electronic AO =’0’ Code 


= frees | fee | foo orcs ale 


M28F101A, M28V101A 


Instructions 


Five instructions are defined to perform Read 
Memory Array, Read Electronic Signature, Auto 
Erase, Auto Program and Reset. Instructions are 
composed of a first command write operation fol- 
lowed by either a second command write, to con- 
firm the commands for programing and erase, or 
read operations to read data from the memory or 
to read the Electronic Signature. 


For added data protection, the intructions for byte 
program and erase consist of two commands that 
are written to the memory. These instructions can 
be aborted after the first command has been given 
using the Reset instruction. Byte programing takes 
typically 6us. Erasure of the entire memory takes 
typically 2.4sec when performed by the internal 
Automatic P/E.C. algorithm. 


During an Automatic Program or Erase operation 
reads to the memory return a byte of which two data 
bits, DQ7 and DQ6, reflect the Busy/Ready status 
of the P/E.C. 


After a Program or Erase command the interface 
is reset to read the memory array. 


2nd Cycle 


write | 


2. 1 or 2 cycles may be required, see Instruction descriptions. 
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M28F101A, M28V101A 


ORDERING INFORMATION SCHEME 


Example: M28F101A -100 X N 71 R 


R Reverse Pin-Out 


TR Tape & Reel 
Package 


F 5V 
V 3.3V + 0.3V 


Voc Tol. F Version Temperature Range 


-60 60 ns blank + 10% P PDIP32 1 0 to 70°C 
-70 70 ns X + 5% K PLCC32 3 —40 to 125 °C 
-80 80 ns N TSOP32 6 —40 to 85°C 
-100 100 ns Bee 

-120 120 ns 

-150 150 ns 

-200 200 ns 


For a list of available options (Vcc Range, Speed, Vcc Tolerance, Package, etc...) refer to the Selector 
Guide in this Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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{ SGS-THOMSON M28F101B 
IF, MICROELECTRONICS M28V101B 


CMOS 1 Megabit (128K x 8, Chip Erase) FLASH MEMORY 


ADVANCE DATA 


=» FAST ACCESS TIMES 
— 60ns for M28F101B version 
— 150ns for M28V101B version 
= LOW POWER CONSUMPTION 
— Standby Current: 100A Max 


— 
in 
se 10,000 PROGRAM/ERASE CYCLES 


s\ 2g 
a 
# 12V PROGRAMMING VOLTAGE 


= SUPPLY VOLTAGE in READ OPERATION PLCC32 (K) 
— 5V+10% for M28F101B version 
— 3.3V + 0.3V for M28V101B version 

=» TYPICAL BYTE PROGRAMING TIME 10ps 


(PRESTO F ALGORITHM) 
= ELECTRICAL CHIP ERASE in 1s RANGE 
TSOP32 (N) 
= INTEGRATED ERASE/PROGRAM-STOP a once 
TIMER 
DESCRIPTION 


The M28F101B, M28V101B FLASH Memory _ Figure 1. Logic Diagram 
products are non-volatile memories which may be 
erased electrically at the chip level and pro- 
grammed byte-by-byte. They are organised as 
128K bytes of 8 bits. They use a command register 
architecture to select the operating modes and thus 
provide a simple microprocessor interface. The 
M28F101B, M28V101B FLASH MEMORY prod- 
ucts are suitable for applications where the mem- 
ory has to be reprogrammed in the equipment. The 
access time of 6Ons makes the device suitable for 


Table 1. Signal Names M28F101B 


M28V101B 


VAQ1124 


August 1993 1/15 


This is advance information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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M28F101B, M28V101B 


Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections 


1 32 
2 31 
5 30 
4 29 
5 28 
6 27. 
26 


8 M28F101B 25 M28F101B 


9 M28V101B 24 
10 25 
11 22 
12 21 
ses 20 
14 19 
15 18 
16 ee 


VA01125 


M28V101B 


VA01126 


Warning: NC = No Connection Warning: NC = No Connection 


Figure 2C. TSOP Pin Connections Figure 2D. TSOP Reverse Pin Connections 


M28F101B 
M28V101B 


M28F101B 
M28V101B 


(Normal) (Reverse) 


VA01127 VA01128 


Warning: NC = No Connection Warning: NC = No Connection 
2/15 k= SGS-THONM 
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M28F101B, M28V101B 


Table 2. Absolute Maximum Ratings 


Ambient Operating Temperature grade 1 


| unit 
grade 3 
grade 6 


0 to 70 
—40 to 125 
—40 to 85 


Supply Voltage —0.6 to 7 
19 Voltage 0610135 


Program Supply Voltage, during Erase 06 to 14 


or Programming 
Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DESCRIPTION (cont'd) 


use in high speed microprocessor systems, while 
the low supply voltage capability makes it ideal for 
portable applications. 


DEVICE OPERATION 


The M28F101B, M28V101B FLASH MEMORY 
products employ a technology similar toa 1 Mega- 
bit EPROM but add to the device functionality by 
providing electrical erasure and programming. 
These functions are managed by a command reg- 
ister. The functions that are addressed via the 
command register depend on the voltage applied 
to the Vpp, program voltage, input. When Vpp is 
less than or equal to 6.5V, the command register is 
disabled and M28F101 functions as a read only 
memory providing operating modes similar to an 
EPROM (Read, Output Disable, Electronic Signa- 
ture Read and Standby). When Vpp is raised to 12V 
the command regsiter is enabled and this provides, 
in addition, Erase and Program operations. 


READ ONLY MODES, Vpp < 6.5V 


For all Read Only Modes, except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is don’t care. 


Read Mode. The M28F101B, M28V101B have two 
enable inputs, E and G, both of which must be Low 
in order to output data from the memory. The Chip 
Enable (E) is the power contro! and should be used 
for device selection. Output Enable (G) is the output 


control and should be used to gate data on to the 
output, independant of the device selection. 


Standby Mode. In the Standby Mode the maxi- 
mum supply current is reduced from 30mA to 
100A. The device is placed in the Standby Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
impedance state, independant of the Output En- 
able (G) input. 


Output Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 


Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip- 
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high voltage (11.5V to 13V) 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 


READ/WRITE MODES, 11.4V < Vpp < 12.6V 


When Vpp is High both read and write operations 
may be performed. These are defined by the con- 
tents of an internal command register. Commands 
may be written to this register to set-up and exe- 
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 


" 3/15 
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M28F101B, M28V101B 


Table 3. Operations “) 


[| we | pein | @ [| @ | w | | va0-oar 
in| oes 


a ee ee 
ReadMirite ® | Vee — pve | ve | vm | Ae | Data Output 
ne | Ne eae 
oem se Disable | ova || Hi-Z 
tow |x| 


Note: 1. X= Vicor Vin 
2. Refer also to the Command Table 


Table 4. Electronic Signature 


Manufacturer’s Code 
Device Code: M28F101B Vin 
Device Code: M28V101B  via_| 


Table 5. Commands 


1st Cycle 2nd Cycle 
Command Cycles ptsteycte y 
a-a16_| Da0-Da7 pa0-DG7 
ae ee es ia 


Sera (2) Write 80h or 90h | Read 
Read 00001h OEEh or OEFh 


Setup Eraso/ a 

Erase pte tn 

[Erase venty | 2 | write | Aoais | oaon | Read | x | 

Setup Program’ ee a a 
ea ae 


Data Output 


Program 


Note: 1. X= Vitor Vin 
2. Refer also to the Electronic Signature Table 
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READ/WRITE MODES (cont’d) 


set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 


Awrite to the command register is made by bringing 
W Low while E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 


When the device is powered up and when Vpp is < 
6.5V the contents of the command register default 
to 00h, thus automatically setting-up Read opera- 
tions. In addition a specific command may be used 
to set the command register to 00h for reading the 
memory. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 10ns 
Input Pulse Voltages 0.45V to 2.4V 
Input and Output Timing Ref. Voltages 0.8V to 2V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


Input Capacitance 
Output Capacitance 


Note: 1. Sampled only, not 100% tested 


M28F101B, M28V101B 


The system designer may chose to provide a con- 
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem- 
ory. All command register access is inhibited when 
Vcc falls below the Erase/Write Lockout Voltage 
(VLKo) of 2.5V. 


If the device is deselected during Erasure, Pro- 
gramming or Verification it will draw active supply 
currents until the operations are terminated. 


The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 
internal stop timer automatically stops the opera- 
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 


Read Mode. The Read Mode is the default at 
power up or may be set-up by writing 00h to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 


Figure 4. AC Testing Load Circuit 


DEVICE 
UNDER 
TEST C..=100pF 


I 


C,; includes JIG capacitance 
VA00828 


Test Condition 
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Table 7. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 10%) 


Symbol 
Supply Current (Standby) CMOS 


lu 

ILo 
loc 
loc1 


m 


Icce2 


Icc3 


= a 


loca " 


(1) 
(1) 

) m 
(1) m 


Supply Current (Program Verify During Verity ae 
locs Supply Current (Erase Verify) During Erase Verify Ce 
ire _| Program Leakage Curent | VrpsVoo | 


= 
Bes 


Program Current (Read or 
Standb 

: 
Ippy Program Current (Programming) Veep = VppH, During Programming 


(1) co Current (Program Vane een Dung venty 


= 
B 


< 
B 


m 


m 


Supply Current (Programming) During Programming A 
( ) mA 

A 

i A 

A 

= A 

= A 


Uv 
nh 


+1 
+10 
50 
1 
100 
10 
20 
20 
20 
+10 
200 
+10 
30 
5 
30 
5 
6.5 
12.6 
13 
200 


ps | ma 
| ve _|imputtowvotage | fs | 
se ee : 
Vo.__|Outputtowvotage | tama || |v 
| ts-esma | oes voo | | 

ToupavignvorageTm | —towe-esma «aa | 
ee ce 
spammagrewrmemnme | te [ee |v 
AQ Voltage (Electronic Signature) Pe ee 
to | As curent (cree Signe) | -Av=Ve_———~Y dato | a 


Note: 1. Not 100% tested. Characterisation Data available. 
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Table 8. Read Only Mode AC Characteristics 


M28F101B, M28V101B 


(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Veco = 5V + 10%; OV < Vpp < 6.5V) 


Symbol 


tWHGL 


tavav 


taxax 


Note: 1. Sampled only, not 100% tested 


READ/WRITE MODES (cont'd) 


Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on- 
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com- 
mand register. The Electronic Signature Mode is 
set-up by writing 80h or 90h to the command 
register. The following read cycle, with address 
inputs 00000h or 00001h, output the manufacturer 
or device type codes. The command is terminated 
by writing another valid command to the command 
register (for example Reset). 


Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to 00h, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 


Parameter 


Write Enable High to Output 

Enable Low Hs 
E = G = 

Chip Enable Low to Output 

Transition 


Chip Enable Low to Output Valid ir 
Output Enable Low to Output E=V 
Transition See 


—_ Chip Enable High to Output Hi-Z 
tor Output Enable High to Output Hi-Z 


M28F101B 


Test Condition 


The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
followed by an Erase Verify which reads an ad- 
dressed byte. 


Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 


. 7/15 
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M28F101B, M28V101B 


Figure 5. Read Mode AC Waveforms 


a 


DQQ-DQ7 DATA OUT 


VA00671 


Figure 6. Read Command Waveforms 


tVPHEL 


tDVWH tnd tWHDX 


DQ0-—DQ7 == COMMAND 


@-—— READ SET-UP ——»' 


VA00672 
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M28F101B, M28V101B 


Figure 7. Electronic Signature Command Waveforms 


tVPHEL 


DQ0—-DQ7 


'¢— READ ELECTRONIC —» 
‘: “SIGNATURE SET-UP °° 


READ/WRITE MODES (cont'd) 


As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con- 
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 
command to the command register (for example 
Program or Reset). 


Program and Program Verify Modes. The Pro- 
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
secind cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 


ky S&S-THOMSON 


(DATA OUT ) OUT 


¢——— READ ———> 
' MANUFACTURER ' 
OR DEVICE 


VA00673 


Program Verify Mode is set-up by writing OCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program- 
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 


Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol- 
lowed by writing a valid command to the the com- 
mand register (for example Read). 
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Table 9. Read/Write Mode AC Characteristics - W and E Controlled 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 5V + 10%) 


Parameter 


|_| VepHighto Chip EnableLow 
|_| VepHigh to Write EnableLow 
| two [Write CycleTime 
[| tas | Address Valid to Write EnableLow | 
|__| Address Valid to Chip EnableLow 
| ta | Write Enable Lowto Address Transition | 
tos 
asd 
as 
| tos 
ae 
[we 
ae 


M28F101B 


Symbol 


tVPHEL 


< 
77) 


tvPHWL Us 


tWHWH3 


tAVEL 
twLax 


tELAX 


Chip Enable Low to Address Transition 
Chip Enable Low to Write Enable Low 


=) 
no 


tELWL 


tWLEL 


Write Enable Low to Chip Enable Low 
Output Enable High to Write Enable Low 


5 os 
77) 


tGHWL 


Output Enable High to Chip Enable Low 


= 
72) 


tGHEL 


Input Valid to Write Enable High 
Input Valid to Chip Enable High 


tpVEH 


Write Enable Low to Write Enable High (Write Pulse) 


=) 
” 


tWLWH 


hel Chip Enable Low to Chip Enable High (Write Pulse) 
[ton | we Enable High to mputTransiion 
tS a Enable High to Input Transition 


tELEH 
tWHDX 


tEHDx 


tenet [chip Ene High ip Ente Low 
| twice |__| Write Enable High to Output Enable Low 
| tev. | | Chip Enable High to Output EnableLow 


tavav tacc Addess Valid to data Output 


Bom 
7) 


tWHWH1 


tEHEH1 


co 
on 
3 
7) 


n 14] ” 


twWHWHe2 
tWHEH 
tEHWH 


twWHWL 


= 
n 


ep) 


” 


terox |) Chip Enable Low to Output Transition 


| taov | tee | ChipEnableLowtoOutputvaid | 

| terox | tz | OutputEnable Low to Output Transition | 
ee | toe Output Enable Low to Output Valid 

| teuoz™ | | e Chip Enable High to Output Hi-Z 

| tenaz"? | tor Output Enable _ to Output Hi-Z 

| taxax | ton | Address Transition to Output Transition 


Note: 1. Sampled only, not 100% tested 


> 


ie) 


ié) ioe) 

o;a; on 
a 
n” 
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M28F101B, M28V101B 


Figure 8. Erase Set-up and Erase Verify Commands Waveforms 


VA00674. 


DATA OUT 


—be 


COMMAND 
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<— 
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~ 
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COMMAND 


ERASE SET-UP 


—DQ7 
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M28F101B, M28V101B 


Figure 9. Program Set-up and Program Verify Commands Waveforms - W Controlled 
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Figure 10. Program Set-up and Program Verify Commands Waveforms - E Controlled 
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Figure 11. Erasing Flowchart 
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PRESTO F ERASE ALGORITHM 


The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all bytes to 00h in order 
to ensure uniform erasure. The programming fol- 
lows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 20h to the com- 
mand register, the erasure is started by repeating 
this write cycle. Erase Verify is set-up by writing 
OAOh to the command register together with the 
address of the byte to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFh. Erase Verify begins at address 0000h and 
continues to the last address or until the compari- 
son of the data to OFFh fails. If this occurs, the 
address of the last byte checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 
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Figure 12. Programming Flowchart 
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PRESTO F PROGRAM ALGORITHM 


The PRESTO F Programming Algorithm applies a 
series of 10s programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op- 
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 
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ORDERING INFORMATION SCHEME 


Example: M28F101B -100 X N 


F 5V 
V 3.3V + 0.3V 


[Voc Tol. F' Version | =~ Temperature Range 


R Reverse Pin-Out 


TR Tape & Reel 
Packing 


-60 60 ns blank + 10% PDIP32 1 Oto 70°C 
-70 70 ns X + 5% K PLOC32 3 —40 to 125 °C 
-80 80 ns N TSOP32 6 —40 to 85°C 
-100 100 ns Shey 

-120 120 ns 

-150 150 ns 

-200 200 ns 


For a list of available options (Vcc Range, Speed, Vcc Tolerance, Package, etc...) refer to the Selector 
Guide in this Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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CMOS 1 Megabit (64K x 16, Chip Erase) FLASH MEMORY 


=» FAST ACCESS TIME: 100ns 

=” LOW POWER CONSUMPTION 
— Standby Current: 100uA Max 

= 10,000 ERASE/PROGRAM CYCLES 

=» 12V PROGRAMMING VOLTAGE 

» TYPICAL BYTE PROGRAMMING TIME 10us 
(PRESTO F ALGORITHM) 

=» ELECTRICAL CHIP ERASE in 1s RANGE 


# INTEGRATED ERASE/PROGRAM-STOP 
TIMER 


DESCRIPTION 


The M28F102 FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed word-by-word. It is 
organised as 64K words of 16 bits. It uses a com- 
mand register architecture to select the operating 
modes and thus provides a simple microprocessor 
interface. The M28F102 FLASH MEMORY is suit- 
able for applications where the memory has to be 
reprogrammed in the equipment. The access time 
of 100ns makes the device suitable for use in high 
speed microprocessor systems. 


Table 1. Signal Names 


AO -A15 Address Inputs 
DQO -DQ15 Data Inputs / Outputs 


Chip Enable ) 
Output Enable 


Vcc Supply Voltage 
Vss Ground 


ADVANCE DATA 


\ 


G\ 


A 
“ 


\ J 
ea 


PDIP40 (P) PLCC44 (Kk) 


Figure 1. Logic Diagram 


K 71> DQO—DQ15 


M28F 102 


VA00627B 


July 1993 1/16 


This is advance information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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Figure 2A. DIP Pin Connections 


: M28F 102 : 
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Warning: NC = No Connection 


Table 2. Absolute Maximum Ratings 


Figure 2B. LCC Pin Connections 


M28F102 


0 to 70 
—40 to 125 
—40 to 85 


grade 1 
grade 3 
grade 6 


Ambient Operating Temperature 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DEVICE OPERATION 


The M28F102 FLASH MEMORY employs a tech- 
nology similar to a 1 Megabit EPROM but adds to 
the device functionality by providing electrical era- 
sure and programming. These functions are man- 
aged by acommand register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 


input. When Vpp is less than or equal to 6.5V, the 
command register is disabled and M28F 102 func- 
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output Dis- 
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command regsiter 
is enabled and this provides, in addition, Erase and 
Program operations. 
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READ ONLY MODES, Vpp < 6.5V 


For all Read Only Modes, except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is ’don’t care’. 


Read Mode. The M28F 102 has two enable inputs, 
E and G, both of which must be Low in order to 
output data from the memory. The Chip Enable (E) 
is the power control and should be used for device 
selection. Output Enable (G) is the output control 
and should be used to gate data on to the output, 
independant of the device selection. 


Standby Mode. In the Standby Mode the maxi- 
mum supply current is reduced from 50mA to 
100A. The device is placed in the Standby Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
impedance state, independant of the Output En- 
able (G) input. 

Output Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 


Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip- 
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high voltage (11.5V to 13V) 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 


Table 3. Operations ™ 


Read Only 


Note: 1. X=VicorVin 
2. Refer also to the Command Table 


|| We | Operation | 
Vert 
Mi 


M28F102 


READ/WRITE MODES, 11.4V < Vpp < 12.6V 


When Vpp is High both read and write operations 
may be performed. These are defined by the con- 
tents of an internal command register. Commands 
may be written to this register to set-up and exe- 
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 


Awrite to the command register is made by bringing 
W Lowwhile E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 


When the device is powered up and when Vpp is < 
6.5V the contents of the command register default 
to 0000h, thus automatically setting-up Read oper- 
ations. In addition a specific command may be 
used to set the command register to 0000h for 
reading the memory. 


The system designer may chose to provide a con- 
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem- 
ory. All command register access is inhibited when 


V 
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Table 4. Electronic Signature 


Manufacturer’s 
Code 


Table 5. Commands “) 


7 


Note: 1. X=Vicor Vin 


READ/WRITE MODES (cont’d) 


Vcc falls below the Erase/Write Lockout Voltage 
(ViKo) of 2.5V. 


If the device is deselected during Erasure, Pro- 
gramming or Verification it will draw active supply 
currents until the operations are terminated. 


The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 
internal stop timer automatically stops the opera- 
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 


Read Mode. The Read Mode is the default at 
power up or may be set-up by writing O000h to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 


4/16 ky SGS-TH 


| Ao _| pars-pas | baz | bas | bas | pas | pas | ba? | 


[Device Code | vw | 0 | o | + | oft jo | o 


ist Cycle 


[pai | pao | Hex Data 
noes 
po fo 


0050h 


2nd Cycle 


0020h 


X 


Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on- 
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com- 
mand register. The Electronic Signature Mode is 
set-up by writing 0090h to the command register. 
The following read cycle, with address inputs 
0000h or 0007h, output the manufacturer or device 
type codes. The command is terminated by writing 
another valid command to the command register 
(for example Reset). 


Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to 0000h, the 
Erase command then erases them to OFFFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFFFh. 


The Erase Mode is set-up by writing 0020h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 


OMSON 


MICROELECTRONICS 


330 


READ/WRITE MODES (cont'd) 


followed by an Erase Verify which reads an ad- 
dressed byte. 


Erase Verify Mode is set-up by writing OOAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OOAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 


As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFFFh, an- 
other Erase operation is performed and verification 
continues from the address of the last verified byte. 
The command is terminated by writing another 
valid command to the command register (for exam- 
ple Program or Reset). 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 10ns 
Input Pulse Voltages 0.45V to 2.4V 
Input and Output Timing Ref. Voltages 0.8V to 2V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


Symbol 
Input Capacitance 
Output Capacitance 


Note: 1. Sampled only, not 100% tested 


M28F102 


Program and Program Verify Modes. The Pro- 
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
secind cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 


Program Verify Mode is set-up by writing O0COh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program- 
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 


Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFFFh to 
the command register. The command should be 
followed by writing a valid command to the the 
command register (for example Read). 


Figure 4. AC Testing Load Circuit 
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Table 7. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 10%) 


| symbol | ___—Parameter__—|__——Test Condition |_Min_| Max _|_ Unit | 
|u| InputLeakage Current | OVS VinsVoo | et 
_to_|oupuitenioe Curert__|_avsosec___| _{_s10_ | ya 
Supply Current (Read) | E=Vut=oMHz | | soma 
[Supply Current (Standby) TTL | EV | Tt mal 
[Supply Current (Standby) CMOS | ___E=Veczo2v | | 100 |p 
p+ [fmmeemsenreres | eos | fg 
| loca | Supply Current (Program Verify) | ____—Duringverty | | 80 | ma 
| loce | Supply Current (Erase) | During Erasure | | 15 | ma 
| tcos | Supply Current (Erase Verity) | ___—DuringEraseveriy | | 30 | mA 
| lure | Program Leakage Current | VepsVoo | | to | 

Program Current (Reador  |__— Vee >Voo, =| S| 200 | 
———— eee 
Vpp = Vppu, During Programming 


Ver = Vpn, During Erase Verity ea 
ee en ee 
[inputHighVolageTm | | ec 05 | | 
fmrtanvenae wos eee | 
eo eee 


lo. = 2.1mA (grade - Re ecas 0.45 


af Output High Voltage CMOS lon = —100pA i Weezomei- | 


Output High Voltage TTL lon = —2.5mMA a See 


Program Voltage (Read 
VPPL Operations) 


Program Voltage (Read/Write 
Operations) es le8 


Yo AQ See (Electronic as 


| 200 | BA 


Note: 1. Not 100% tested. Characterisation Data available. 
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Table 8A. Read Only Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vec = 5V + 10%; OV < Vpp < 6.5V) 


el 02 
Symbol Parameter 


-100 
‘aici 
a are a Pt 
Address Valid to | Address Valid to Output Valid —_| Valid | Address Valid to Output Valid | E=Vu,G=Vi_ =Vi, G= Vit 100 Hee 


t Chip Enable Low to Output 
ELOX ' eg eer ng 


ie Hee | | toe | Chip Enable Low to Output Valid Enable Low to Output Valid Y  -Geve. | | ao0 | | | 420 | 


t Output Enable Low to Output 
eLax | Transition 


‘choy RAS LS ate sour Output Enable Low to Output Valid | E=ew =| | as || 50 | ons | 
atl ieee a, belies 
Fteice | tor | output Enable Highto Ouputriz| =v | 0 | 20 | 0 | 90 | os | 


Address Transition to Output — os 


Note: 1. Sampled only, not 100% tested 


Test Condition 


re 


Table 8B. Read Only Mode AC Characteristics 
((Ta = 0 to 70 °C, —-40 to 85 °C or —40 to 125 °C; Vcc = 5V + 10%; OV < Vpp < 6.5V) 


M28F102 
Symbol Parameter 


so | 200 | 
[in | Max | Min | Max | 

pee PRawewaras ees Sek ee 

E=viG=vn | | 150 | | 200 | ns_ 


t Chip Enable Low to Output e 
ELax ‘ Transition re 


eee | Gave | | 150 


(1) Output Enable Low to Output . 


Test Condition 


tGLax 


Note: 1. Sampled only, not 100% tested 
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Figure 5. Read Mode AC Waveforms 
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Figure 6. Read Command Waveforms 
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Figure 7. Electronic Signature Command Waveforms 
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Table 9A. Read/Write Mode AC Characteristics - W and E Controlled 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 10%) 


[Min | Max | Min | Wax | 


| tvew. | | VeeHigh toChipEnabletow tt | tt || ns | 
| ven | | VepHightowriteEnabletow tt | tT gs | 
| iwamis | two _|Wrtedyctetime sf to | | to | ns 
| tam | tes | Address Validto Write EnableLow | | | || 
| twe |_| Address Valid to ChipEnableLow | O | | of | ns | 
| imax | tn | Write Enable Lowto Address Transition | 60 | | 60 | |__| 
| taax | | Chip EnableLowto Address Transition | 80 || 80 | ns 
| tam | tos | ChipEnableLowtoWrteEnableLow | 20 | | 20 |_| ns 
| tme |__| Write Enable Low to Chip EnableLow | 0 | | | ns 

|_| Output Enable High towrite EnableLow | 0 | | oO || gs | 
| toner | | Output Enable High toChipEnableLow | 0 | | oo | | gs | 

foe 


input Valdte WiteErabioHigh ———S~idt S| go] 
input Vals to Chip Enabie High Sd oo | | so | 
nan | tp” [Wet Enable Low to Wrie Enaie High (wite Puce) | oo | | 60 | | ns 
Ttaen | [Chip Enable Low to Chip Enable High We Pusey | 70 | | 70 | | ns 
wor | tow | Wt Enabie High toinputansiton —_———=« 10 | to | | ns 
Tox | [Chip Enabie High onputTnsiton 10 | 0 | | as 
Twins | [Duration of Program Operation _————ites| les] | us 
T town | [Duration of Progam Operation sides | [es] | us 
Twanne | [Duration of reso Operaion ————S*id os | | os | | me 
wien | tow | Wht Enabie Hight Onin Erabionigh Sido | to || os 
team | [Chip Enable High to Wits EnabioHigh ——*i|-o | | o | | ns 
Twa. | won [Wet Enable High toWite Enable Low ‘| 20 | | a0 | | ns 
ten | [Chip Enable Hight Grip Eneble tow (| 20 | | ao | | a 
Timer | [Wit Erabie High to Outputenabietow |e | | 6 | [us 
taxa | [Chip Enable High to Ouputerabiotow |e || 6 | | us 
Tov | aco [Addoss VadtodataQuput SiS oo | m0 
Tsox'™ | uz [Chip Enable Lowto OuputTrenaiion | o | | o | [nw 
Ttwov | ter [chip Enable towto ouputvaia_————*+|—~idt vo || azo | ns 
Piox™ | toz [Output Encbe Lowto Ouputtiension sito | Lo | Pre 
T teow | toe [Output Enabe Lowio Quputvala ——*+| ida | [so | ne 
Tevez” | [Chip Enable igh to Oupuniz Sd ao | ao 
evar” | tor [Output EnabeHighto Ouptrnz ————~+t dt ao | | ao | 
Ttuox | ton [aderessTenston ioOuputTienstion tel [ol [=~ 


Notes: 1. Sampled only, not 100% tested 
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Table 9B. Read/Write Mode AC Characteristics - W and E Controlled 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Veco = 5V + 10%) 


in| a [in [ a 


| ivewe. | | VepHightoChipenabletow | | Lt | ns 
| tvenm | | VerHigh toWrite Enabletow tt | tt | is 
[twa | two | Wrteycletime 50 | | 200 | ns 
| tw | tas | Address Valid towriteEnableLow | | | | ns 
| twa | | Address Valid toChipEnableLow | || of | ns 
|_twex | ton | Write Enable Lowto Address Transition | 60 || 75 || ns 
| tax | | ChipEnableLowtoAddress Transition | 80 | | ao | | in 
isin | ts [Chip Era Low Wet Erato tow | | | 20 | | ns 
| ime | [Write Enable LowtoChipEnablelow | 0 | | | ns 
| tom | | OutputEnable High to Write EnableLow | oT | oo || us | 
| tower | | OutputEnable High to ChipEnableLow | o | | oo || us 
| town | tos | input Valid to Write EnableHigh | so | | so | |_| 
| tover | | Input Valid to ChipEnableHigh | 80 | | 50 || 
| twa | twe | Write Enable Low to Write Enable High (Write Pulse) | 60 | | 60 | | ns_| 
| teen |_| Chip Enable Lowto Chip Enable High (Write Pulse) | 70 | | 80 | | ns _| 
| twiiox | ton _| Write Enable High to input Transition | 0 || t0 | ns 
| tenox | | Chip Enable Highto Input Transition | 10 || 10 | ns 
| twmwn | | Duration of Program Operation st 5 | f 5 || os 
| tevenn | | Duration of Program Operation st 5 | f 5 | | ps 
| twwe | | Duration of erase Operation ft 5 | os || ms 
[twin | ton | Write Enable High to ChipEnableHigh | | | oo || ns 
| terwa | | Chip Enable High to Write EnableHigh | | | oo | os 
[tw | twew | Write Enable Highto Write EnableLow | 20 | | 20 || ns _ 
| te. | | Chip Enable High toChipEnableLow | 20 || 20 | ns 
| twice |_| Write Enable High to Output EnableLow | 6 | | 6 || os 
| te. | | ChipEnableHighto Output EnableLow | 6 | | 6 || us 
| twvav_| teoo | AddessValidtodataOuput |S ts || 20 | ns 
terox | tz | ei eto Lot Opt amation fo | fo | 
| taov | toe | Chip Enable LowtoOutputvaid || 150 | | 200 | ns 
| torox | tow | OutputenableLowto OutputTransiton | co | | oo | | ns 
| terov | toe | Output Enable Lowto Output Vaid || 85 || 80 |_| 
[tno | | GhipEnableHightoOutputHiz | 85 || 60 | ns 
toe” | tee [output Ent tight» Oupatt2_| _{ 95 | _1 5 | me 
[| taxox [ton | Adress Transition to Output Transition | oo || oo || ns 


Notes: 1. Sampled only, not 100% tested 
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Figure 8. Erase Set-up and Erase Verify Commands Waveforms 
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Figure 9. Program Set-up and Program Verify Commands Waveforms - W Controlled 
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Figure 10. Program Set-up and Program Verify Commands Waveforms - E Controlled 
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Figure 11. Erasing Flowchart 
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Limit: 1000 at grade 1; 6000 at grades 3 & 6. 


PRESTO F ERASE ALGORITHM 


The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all words to 0000h in 
order to ensure uniform erasure. The programming 
follows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 0020h to the 
command register, the erasure is started by repeat- 
ing this write cycle. Erase Verify is set-up by writing 
OOAOh to the command register together with the 
address of the word to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFFFh. Erase Verify begins at address 0000h and 
continues to the last address or until the compari- 
son of the data to OFFFFh fails. If this occurs, the 
address of the last word checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 


M28F102 


Figure 12. Programming Flowchart 
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PRESTO F PROGRAM ALGORITHM 


The PRESTO F Programming Algorithm applies a 
series of 10us programming pulses to a word until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one word. Program is 
set-up by writing 0040h to the command register, 
the programming is started after the next write 
cycle which also latches the address and data to 
be programmed. Program Verify is set-up by writing 
00COh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op- 
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 
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ORDERING INFORMATION SCHEME 


Example: M28F102 -100 X P 1 TR 


Vcc Tolerance 


Temp. Range || Option 


400  100ns blank  +10% P PDIP4O 1 0to70°C Y3 1,000 Cycles 
420 120ns X - 5% K PLOC44 3 -40t0125°C TR Tape & Reel 
450 150ns 6 -40 to 85°C raesing 
200 -200ns 


For a list of available options (Speed, Vcc Tolerance, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 


16/16 
342 


ky BES ORSON 


{ SGS-THOMSON M28F201 
YF, NICROELECTROMICS M28V201 


CMOS 2 Megabit (256K x 8, Chip Erase) FLASH MEMORY 


ADVANCE DATA 


=» FAST ACCESS TIMES 
— 60ns for M28F201 version 
— 150ns for M28V201 version 
a LOW POWER CONSUMPTION 
— Standby Current: 100A Max 
& 10,000 PROGRAM/ERASE CYCLES 
# 12V PROGRAMMING VOLTAGE 
a SUPPLY VOLTAGE in READ OPERATION 
— 5V+ 10% for M20F201 version 
— 3.3V + 0.3V for M20V201 version 
e TYPICAL BYTE PROGRAMMING TIME 10us 


(PRESTO F ALGORITHM) 
# ELECTRICAL CHIP ERASE in 1s RANGE TSOP32 (N) 
« INTEGRATED ERASE/PROGRAM-STOP 8x 20mm 
TIMER 
DESCRIPTION 


The M28F201, M28V201 FLASH MEMORY prod- _—“‘Figure 1. Logic Diagram 
ucts are non-volatile memories which may be 
erased electrically at the chip level and pro- 
grammed byte-by-byte. They are organised as 
256K bytes of 8 bits. They use a command register 
architecture to select the operating modes and thus 
provide a simple microprocessor interface. The 
M28F201, M28V201 FLASH MEMORY products 
are suitable for applications where the memory has 
to be reprogrammed in the equipment. Kt DQO=DO7 


Table 1. Signal Names 


Chip Enable 
(GS | Outputenabie 
[Ground 


Ground 


M28F 201 


M28V201 


S| |! 


VA00637B 


August 1993 1/15 


This is advance information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections 


o2 
31 
30 
29 
28 
ZT 
26 
8 M28F201 25 
QQ M28V201 24 
10 25 
11 ZZ 
12 21 
15 20 
14 19 
15 18 
16 17 


VA00641B 


M28F 201 


M28V201 


VA00638B 


Figure 2C. TSOP Pin Connections Figure 2D. TSOP Reverse Pin Connections 


M28F 201 


M28V201 (Reverse) 


(Normal) 


VA006398 VA00640B 
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Table 2. Absolute Maximum Ratings 


Parameter 


Ambient Operating Temperature grade 1 0 to 70 
grade 3 —40 to 125 
grade 6 —40 to 85 


Storage Temperature —65 to 150 


Input or Output Voltages 
Supply Voltage —0.6 to 7 
AQ Voltage —0.6 to 13.5 


Program Supply Voltage, during Erase 
or Programming 


—0.6 to 14 V 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended penods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DESCRIPTION (cont'd) 


The access time of 60ns makes the device suitable 
for use in high speed microprocessor systems, 
while the low supply voltage capability makes it 
ideal for portable applications. 


DEVICE OPERATION 


The M28F201, M28V201 FLASH MEMORY prod- 
ucts employ a technology similar to a 1 Megabit 
EPROM but add to the device functionality by 
providing electrical erasure and programming. 
These functions are managed by a command reg- 
ister. The functions that are addressed via the 
command register depend on the voltage applied 
to the Vpp, program voltage, input. When Vpp is 
less than or equal to 6.5V, the command register is 
disabled and the M28F201 functions as a read only 
memory providing operating modes similar to an 
EPROM (Read, Output Disable, Electronic Signa- 
ture Read and Standby). When Vpp is raised to 12V 
the command register is enabled and this provides, 
in addition, Erase and Program operations. 


READ ONLY MODES, Vpp < 6.5V 


For all Read Only Modes, except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is ‘don’t care’. 


Read Mode. The M28F201, M28V201 have two 
enable inputs, E and G, both of which must be Low 
in order to output data from the memory. The Chip 
Enable (E) is the power control and should be used 
for device selection. Output Enable (G) is the output 


control and should be used to gate data on to the 
output, independant of the device selection. 


Standby Mode. In the Standby Mode the maxi- 
mum supply current is reduced from 30mA to 
100A. The device is placed in the Standby Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
impedance state, independant of the Output En- 
able (G) input. 


Output Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 


Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip- 
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high voltage (11.5V to 18V) 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device code. All 
other address lines should be maintained Low 
while reading the codes. 


READ/WRITE MODES, 11.4V < Vpp < 12.6V 


When Vpp is High both read and write operations 
may be performed. These are defined by the con- 
tents of an internal command register. Commands 
may be written to this register to set-up and exe- 
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
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Table 3. Operations “) 


|| vee | operation 


Electronic Signature 
Read/Write ® | Vee [tot 


Note: 1. X=Vitcor Vin 


2. Refer also to the Command Table 


Table 4. Electronic Signature 


| __Identiir | ao_| a7 | vas | pas | pas | pas | pas | vat | pao | Hex Data 
[Manufacturer'sCode | vu | o | o | 1 | o | o | o | o | o | 20m 
[Device Code: masraor | vw | + | 1 | 1 | a | o | + | o | o | oft | 
[Device Cove: maevaot | vm | 1 | 1 | 1 | + fo | t | o | + | ors 


Table 5. Commands ") 


I 2nd Cycl 
Command Cycles exENGE bia Saki 
A0-A17 | DQ0-DQ7 a0-a17 | _DQ0-DG7 
Write ee 


pon AGE cnaeGE 


Signature 


Data Output 


Setup Erase/ 


Erase 


Erase Verify 


Setup Program/ 


rh 
= 

=a 
[F 
> 

ng 

> 

awk, 

ba | 

° 

> 

o 

Zs 
iH 

© 

pa) 

2. 


Program 


Program Verify 


Note: 1. X=Viror Vin 
2. Refer also to the Electronic Signature Table 


Ht 
= 
® 
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READ/WRITE MODES (cont'd) 


set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 


Awrite to the command register is made by bringing 
W Low while E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 


When the device is powered up and when Vpp is < 
6.5V the contents of the command register default 
to 00h, thus automatically setting-up Read opera- 
tions. In addition a specific command may be used 
to set the command register to 00h for reading the 
memory. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 10ns 
Input Pulse Voltages 0.45V to 2.4V 
Input and Output Timing Ref. Voltages 0.8V to 2V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


VA00827 


Table 6. Capacitance ™) (Ta = 25 °C, f = 1 MHz) 


a ae ae aoe 


Cin Input Capacitance 


Output Capacitance 


Note: 1. Sampled only, not 100% tested 
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The system designer may chose to provide a con- 
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem- 
ory. All command register access is inhibited when 
Vcc falls below the Erase/Write Lockout Voltage 
(Viko) of 2.5V. 


If the device is deselected during Erasure, Pro- 
gramming or Verification it will draw active supply 
currents until the operations are terminated. 


The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 
internal stop timer automatically stops the opera- 
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 


Read Mode. The Read Mode is the default at 
power up or may be set-up by writing OOh to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 


Figure 4. AC Testing Load Circuit 


DEVICE 
UNDER 
TEST = CL =100pF 


I 


C, includes JlG capacitance 
VA00828 
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Table 7. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 5V + 10%) 


Symbol Test Condition | min | Max | unit 
Input Leakage Current OV < Viv Voo a ee 
Output Leakage Gurren ovsVoursVoo | | tw 
Supply Current (Read) E = Vit, f= 10MHz ae a mA 

Supply Current (Standby) TTL ae 1 mA 
lect = 
Supply Current (Standby) CMOS E=Vcc + 0.2V P| 00] pa 
Supply Current (Programming During Programming aa ee mA 


20 m 
20 m 


( 
Supply Current (Erase) 


( ing) 
Supply Current (Program Verify) During Verify a i a 
Supply Current (Erase Verify) During Erase Verify) 


m 


ier _| Program Leakage Current 


1) 

1) 

1) 
Program Current (Reador  |__ Ver >Voo, | 
ee | Mersvec | tt 

Program Current (Programming) Vpp = Vppu, During Programming ae 

1) 

1) 

) 


m 
ul 
Lu 


A 
A 
A 
A 
A 


m 


Program Current (Erase) Vpp = Vppu, During Erase Le ee 

Program Current (Erase Verify) Vpp = Vppu, During Erase Verify Pot 

| Vn__| Input Low Voltage ee 
| 


mA 
mA 
mA 


Input High Voltage CMOS Vcc + 0.5 


| Von Output Low Voltage lo. = 5.8MA 0.45 
lon = —-100nA iV / 0.4 
Output High Votage CMOS ec 
lon = -2.5mA 0.85 Vcc 


Output High Voltage TTL lon = —2.5mA 


5 
2 
2.4 
Program Voltage (Read 
Operations) 
1.4 
2.2 


P 
V 
V 


V 


V Program Voltage (Read/Write 
PPH | Operations) 


[Vo [As Votage GectoncSuraure)| id; 
ie [as Curent Sector Sgratre)| =e 
[weeveor =i eo 


Note: 1. Not 100% tested. Characterisation Data available. 


10 

20 
oa] 
Fe 
. oe! 
an 
4 
— 

13 

200 


( 
po! 
( 

( 
Vi 
Vin 
OL 
OH 
ip 
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Table 8. Read Only Mode AC Characteristics 


M28F201, M28V201 


(Ta = 0 to 70 °C, —40 to 85 °C, —40 to 125 °C; Voc = 5V + 10%; OV < Vpp< 6.5V) 


taLav 
teHoz "" 


taxax 


Note: 1. Sampled only, not 100% tested 


READ/WRITE MODES (cont'd) 


Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on- 
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com- 
mand register. The Electronic Signature Mode is 
set-up by writing 80h or 90h to the command 
register. The following read cycle, with address 
inputs 00000h or 00001h, output the manufacturer 
or device codes. The command is terminated by 
writing another valid command to the command 
register (for example Reset). 


Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to 00h, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 


™ ele 


Ti | [Wwietaictineomicae | |e | | w_ 
Twn [we [reoretne de | we 
es ee 

[ia [creme ive owatann | ew | 0 
[on [ [owemaomewe [een fe fo 
Tinos [ez [ouput ertictonnomavenin | é-w [ | | w 
eee te) 
“[[oiveraetineowmunz | sew fo [wo |e 
Pat [o lomeemenmowine [ee |e [= fo 
Tr [Ate train upset 


Test Condition 


The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
followed by an Erase Verify which reads an ad- 
dressed byte. 


Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 
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Figure 5. Read Mode AC Waveforms 
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Figure 6. Read Command Waveforms 
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Figure 7. Electronic Signature Command Waveforms 


tVPHEL 


DQ0—DQ7 


COMMAND 


#— READ ELECTRONIC ——» 
SIGNATURE SET—UP 


READ/WRITE MODES (cont’d) 


As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con- 
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 
command to the command register (for example 
Program or Reset). 


Program and Program Verify Modes. The Pro- 
gram Modeis set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
second cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 


OQO000h—O0001h 


an 


MANUFACTURER 
OR DEVICE 


VA00644 


Program Verify Mode is set-up by writing OCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program- 
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 


Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol- 
lowed by writing a valid command to the the com- 
mand register (for example Read). 
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Table 9. Read/Write Mode AC Characteristics - W and E Controlled 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 5V + 10%) 


M28F201 


Symbol Parameter 


Vpp High to Chip Enable Low 
Vpp High to Write Enable Low 


= 
77) 


tVPHEL 


— 
77) 


tvPHWL 
t 


Write Cycle Time 
Address Valid to Write Enable Low 
Address Valid to Chip Enable Low 


tavAV 


tAVEL 


Aas 
o1 


o;y— | or 


tWLAX Write Enable Low to Address Transition 


atl 
a] 
[two 
a 
tan _| 
teLax Led Chip Enable Low to Address Transition 
2S 
oe 
tos _| 
2 


Chip Enable Low to Write Enable Low 


=) 
n 


team | tos _| 
tex | 


Write Enable Low to Chip Enable Low 
Output Enable High to Write Enable Low 


= 
77) 


tGHWL 
Output Enable High to Chip Enable Low 


— 
n 


tGHEL 


Bas 


t Input Valid to Write Enable High 


tovEH Input Valid to Chip Enable High 


tWLWH Write Enable Low to Write Enable High (Write Pulse) 


WC 

tas 

taH 

tcs 

tos 

tELEH Chip Enable Low to Chip Enable High (Write Pulse) 

twHDx Write Enable High to Input Transition 
tcH 
tz 
tce 
OLZ 
tor 
OH 


tEHDxX ss Chip Enable High to Input Transition 
twHWH1 aa Duration of Program Operation 


(o>) 
= 
77) 


>) 


Duration of Program Operation 


< 
77) 


tEHEH1 


n” 


Write Enable High to Chip Enable High 
tEHWH Chip Enable High to Write Enable High 
tWHWL Write Enable High to Write Enable Low 
teue. |__| Chip Enable High to Chip Enable Low 
twuc. |__| Write Enable High to Output Enable Low 
tEHGL ad) Chip Enable High to Output Enable Low 
tavav Addess Valid to data Output 


tWHEH 


tWHWH2 a Duration of Erase Operation 


1p?) 
2) 


20 


— 
” 


s) Ss 
=z 7 
i 
on 


teLax ' Chip Enable Low to Output Transition 
Chip Enable Low to Output Valid 


Output Enable Low to Output Transition 


1) 
tELav 
) 


taLax a 


o>) 
a 


Output Enable Low to Output Valid 
Chip Enable High to Output Hi-Z 
Output Enable High to Output Hi-Z 


Address Transition to Output Transition 


teLav 
(1) 


i¢e) 
ol 


teHaz 


ie) 
© 


c 
77) 


tGHaz () 


Note: 1. Sampled only, not 100% tested 
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Figure 8. Erase Set-up and Erase Verify Commands Waveforms 
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Figure 9. Program Set-up and Program Verify Commands Waveforms - W Controlled 
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Figure 10. Program Set-up and Program Verify Commands Waveforms - E Controlled 
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Figure 11. Erasing Flowchart 
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READ COMMAND 
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PRESTO F ERASE ALGORITHM 


The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all bytes to 00h in order 
to ensure uniform erasure. The programming fol- 
lows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 20h to the com- 
mand register, the erasure is started by repeating 
this write cycle. Erase Verify is set-up by writing 
OAOh to the command register together with the 
address of the byte to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFh. Erase Verify begins at address 0000h and 
continues to the last address or until the compari- 
son of the data to OFFh fails. If this occurs, the 
address of the last byte checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 
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Figure 12. Programming Flowchart 
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PRESTO F PROGRAM ALGORITHM 


The PRESTO F Programming Algorithm applies a 
series of 10us programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
Operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming Is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op- 
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 
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ORDERING INFORMATION SCHEME 


Example: M28F201 -100 X N 1 R 


F 5V 
V 3.3V + 0.3V 


R Reverse Pin-Out 


TR Tape & Reel 
Packing 


Soe) | eae a [|_VooTol.’F’ Version _ pape ee} Temperature Range 


60 ns blank + 10% PDIP32 1 Oto 70°C 
-70 70 ns Xx + 5% K PLCC32 3 —40 to 125 °C 
-80 80 ns N TSOP32 6 —40 to 85 °C 
-100 100 ns oseomm 
-120 120 ns 
-150 150 ns 
-200 200 ns 


For a list of available options (Vcc Range, Speed, Vcc Tolerance, Package, etc...) refer to the Selector 
Guide in this Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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M28F201A 
M28V201A 


CMOS 2 Megabit (256K x 8, Chip Erase) 


= MEMORY CHIP ERASE 
= SUPPLY VOLTAGE in READ OPERATION 
— 5V+10% for M28F201A version 
— 3.3V + 0.3V for M28V201A version 
a 12V PROGRAMMING VOLTAGE 
» PROGRAM/ERASE CYCLES 
— 100,000 for M28F201A 
— 10,000 for M28V201A 
=» PROGRAM/ERASE CONTROLLER 
— Program Byte-by-Byte 


— Data Polling and Toggle Protocol for P/E. C. 
Status 


#» LOW POWER CONSUMPTION 
— 30nA Typical in Standby 

= FAST ACCESS TIMES 
— 60ns for M28F201A version 
— 150ns for M28V201A version 


DESCRIPTION 


The M28F201A, M28V201A FLASH MEMORY 
products are non-volatile memories that may be 
erased electrically in bulk and programmed byte- 
by-byte. The interface is directly compatible with 
most microprocessors. The device is available in 
PDIP32, PLCC32 and TSOP32 (8 x 20mm). Both 
normal and reverse pin outs are available for the 
TSOP32 package. 


Table 1. Signal Names 
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FLASH MEMORY 


PRODUCT CONCEPT 


qa? 


4 <a 


PLCC32 (kK) 


TSOP32 (N) 
8x 20mm 


Figure 1. Logic Diagram 
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M28F201A, M28V201A 


Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections 


32 
31 
30 
29 
28 
27 
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8 M28F201A 25 
9 M28V201A 94 
10 Za 
11 22 
12 21 
13 20 
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15 18 
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M28F 201A 


M28V201A 


VA01148 


Figure 2C. TSOP Pin Connections Figure 2D. TSOP Reverse Pin Connections 


M28F 201A M28F 201A 
M28V201A M28V201A 


(Normal) (Reverse) 
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Organisation 


The organisation is 256K x 8 with Address lines 
AQ-A17 and Data Input/Outputs DQ0-DQ7. Mem- 
ory control is provided by Chip Enable, Output 
Enable and Write Enable inputs. 


Erase and Program are performed under control of 
the internal Program/Erase Controller (P/E.C.). 


Data Output bits DQ7 and DQ6 provide polling or 
toggle signals during Automatic Program or Erase 
to indicate the Busy/Ready state of the internal 
Program/Erase Controller. 


Command Interface 


The memory is interfaced by 5 operation cycles for 
reading the array, reading the Electronic Signature, 
output disable, standby or writing. 


Command bytes can be written to a Command 
Interface latch to perform instructions for reading 
(array or Electronic Signature), erasure, program- 
ing or reset. When power is first applied, or if Vcc 
falls below VLko, the command interface is reset to 
read the array. 


Table 2. Instructions 


| ce | Erase Auto | Auto write | 


Notes: 1. X = Don’t Care 


2. 1 or 2 cycles may be required, see Instruction descriptions. 


1st )tsteycle 


Cycles 5 a 
pera- (1) pera- Ad- Data 
Ops | aaiess | pata | Ope | A, | at 
Array 
Read Electronic A0 ='0’ Code 


M28F201A, M28V201A 


Instructions 


Five’ instructions are defined to perform Read 
Memory Array, Read Electronic Signature, Auto 
Erase, Auto Program and Reset. Instructions are 
composed of a first command write operation fol- 
lowed by either a second command write, to con- 
firm the commands for programing and erase, or 
read operations to read data from the memory or 
to read the Electronic Signature. 


For added data protection, the intructions for byte 
program and erase consist of two commands that 
are written to the memory. These instructions can 
be aborted after the first command has been given 
using the Reset instruction. Byte programing takes 
typically 6us. Erasure of the entire memory takes 
typically 2.4sec when performed by the internal 
Automatic P/E.C. algorithm. 


During an Automatic Program or Erase operation 
reads to the memory return a byte of which two data 
bits, DQ7 and DQ6, reflect the Busy/Ready status 
of the P/E.C. 


After a Program or Erase command the interface 
is reset to read the memory array. 


2nd Cycle 


write | 
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M28F201A, M28V201A 


ORDERING INFORMATION SCHEME 


Example: M28F201A -100 X N 71 R 


R Reverse Pin-Out 


TR Tape & Reel 
Packing 


F 5V 
V 3.3V + 0.3V 


Voc Tol. ’F’ Version Temperature Range 


-60 60 ns blank + 10% P PDIP32 1 0 to 70°C 
-70 70 ns X + 5% K PLCC32 3 —40 to 125°C 
-80 80 ns N TSOP32 6 —40 to 85°C 
-100 100 ns corcum 

-120 120 ns 

-150 150 ns 

-200 200 ns 


For a list of available options (Vcc Range, Speed, Vcc Tolerance, Package, etc...) refer to the Selector 
Guide in this Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. ; 
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M28F410, F420 
M28V410, V420 


CMOS 4 Megabit (x8 or x16, 7 Block Erase) 


= SMALL SIZE TSOP56 and S044 PLASTIC 
PACKAGES 


— Normal and Reverse Pinout for TSOP ver- 
sion 
= DUAL x8 and x16 ORGANISATION 
=» MEMORY ERASE in BLOCKS 


— One 16K Boot Block (top or bottom location) 
with hardware write protection 


— Two 8K bytes Key Parameter Blocks 
— One 96K bytes Main Block 
— Three 128K bytes Main Blocks 
= SUPPLY VOLTAGE in READ OPERATION 
— 5V+10% for M28F410, F420 versions 
— 38V to 5.5V for M28V410, V420 versions 
= PROGRAM/ERASE CYCLES 
— 100,000 for M28F410, F420 versions 
— 10,000 for M28V410, V420 versions 
» PROGRAM/ERASE CONTROLLER 
=» LOW POWER CONSUMPTION 
— 80uA Typical in Standby for M28F410, F420 
— 50puA Typical in Standby for M28V410, V420 


— 0.2uA Typical in Deep Power Down for all 
versions 


= FAST ACCESS TIMES 
— 60-80ns for M28F410, F420 
— 150-200ns for M28V410, V420 


Table 1. Signal Names 


Address Inputs 
DQ0-DQ7 Data Input / Outputs 
DQ8-DQ14 Data Input / Outputs 


DQ15A-1 


BYTE Byte/Word Organisation 
Power Down/Boot Block Lock 


Program Supply 
Supply Voltage 


Vss Ground 


August 1993 


FLASH MEMORY 


ADVANCE DATA 


TSOP56 (N) 
14 x 20mm 


Figure 1. Logic Diagram 
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M28F410, F420, V410, V420 


Figure 2A. TSOP Pin Connections 


M28F /V410 
M28F /V420 


(Normal) 


Warning: NC = No Connections, DU = Don’t Use 


Figure 2B. SO Pin Connections DESCRIPTION 
The M28F410, F420 and M28V410, V420 FLASH 
M28F /V410 MEMORY products are non- volatile memories that 
M28F /V420 may be erased electrically at the block level and 


programed by byte or word. The interface is directly 
compatible with most microprocessors. Plastic 
PTSO56 (Normal and Reverse pinout) and PSO44 
packages are used. 


Organisation 


The organisation, as 512K x 8 or 256K x 16, is 
selectable by an external BYTE signal. When 
BYTE is Low and the x8 organisation is selected, 
the Data Input/Output signal DQ15 acts as Address 
line A-1 and selects the lower or upper byte of the 
memory word for output on DQ0-DQ7, DQ8-DQ15 
remain high impedance. When BYTE is High the 
memory uses the Address inputs AO-A18 and the 
Data Input/Outputs DQ0-DQ15. Memory control is 
provided by Chip Enable, Output Enable and Write 
Enable inputs. A Power Down/Boot block unlock, 
tri-state, input places the memory in deep power 
down, normal operation or enables programing and 
erasure of the Boot block. 


Blocks 


Erasure of the memories is in blocks. There are 7 
blocks in the memory address space, one ’Boot’ 
block of 16K, two ‘Key Parameter’ blocks of 8K, one 
‘Main’ block of 96K and three Main’ blocks of 128K. 
The M28F410, V410 memories have the Boot 
block at the top of the memory address space and 
the M28F420, V420 locate the Boot block starting 
at the bottom. Erasure of each block takes typically 


CONOR WN - 


—_— —-| (0 
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16 


VA01133 


Warning: DU = Don't Use 
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M28F410, F420, V410, V420 


DESCRIPTION (cont'd) 


1-2 seconds and each block may be programed 
and erased over 100,000 cycles (10,000 cycles for 
M28V410, V420). The Boot block is protected from 
accidental programing or erasure by a hardware 
protection depending on the Power Down PWD 
signal. Program/Erase commands in the Boot block 
are executed only when PWD is at 12V. Block 
erasure may be suspended while data is read from 
other blocks of the memory, then resumed. 


Command Interface 


Commands can be written to a Command Interface 
latch to perform read, programming, erasure and 
to monitor the memory’s status. When power is first 
applied, on exit from power down or if Vcc falls 
below Viko, the command interface is reset to 
Read Memory Array. Five operations can be per- 
formed by the appropriate bus cycles, Read Byte 
or Word from the Array, Read Electronic Signature, 
Output Disable, Standby and Write a Command of 
an Instruction. 


Instructions and Commands 


Eight Instructions are defined to perform Read 
Memory Array, Read Status Register, Read Elec- 
tronic Signature, Erase, Program, Clear Status 
Register, Erase Suspend and Erase Resume. An 
internal Program/Erase Controller (P/E.C.) handles 
all timing and verification of the Program and Erase 
instructions and provides status bits to indicate its 
operation and exit status. Instructions are com- 


Table 2. Instructions 


| RD |Read ‘| | Write 


Read Electronic 
Signature 


RSIG 


| es | Erase Suspend | 1 | Write | Write 


Notes: 1. X = Don't Care 


ist Cycle 2nd Cycle 


ee ae Opera- Address Opera- Ad- Data 
os ry a aa 


Pee fase [= [oe [fm foe] | 
Pe [om [fm fom 
me [= [om [form 
Pee fareeme [wef Te fT 


<a —  e ooh 


posed of a first command write operation followed 
by either second command write, to confirm the 
commands for programming or erase, or a read 
operation to read data from the array, the Electronic 
Signature or the Status Register. 


For added data protection, the instructions for byte 
or word program and block erase consist of two 
commands that are written to the memory and 
which start the automatic P/E.C. operation, byte or 
word programming takes typically 9us, block erase 
typically 1- 2.4 seconds. Erasure of amemory block 
may be suspended in order to read data from 
another block and then resumed. A Status Register 
may be read at any time, including during the 
programming or erase cycles, to monitor the prog- 
ress of the operation. 


Power Saving 


The M28F410, F420 and M28V410, V420 memo- 
ries have a number of power saving features. Fol- 
lowing a Read access the memory enters a static 
mode in which the supply current is typically 1.0mA 
(0.8mA for M28V410, V420). A CMOS standby 
mode is entered when the Chip Enable E and the 
Power Down PWD signals are at Vcc, when the 
supply current drops to typically 45yA. A deep 
power down mode is enabled when the Power 
Down PWD signal is at Vss, when the supply 
current drops to typically 0.2uA. The time required 
to awake from the deep power down mode is 600ns 
maximum (700ns for M28V410, V420), with in- 
structions to the C.I. recognised after only 480ns 
(1us for M28V410, V420). 


| OFF | Note 2 2 


| OBOh 


2. The first cycle of the RD, RSR or RSIG instuction is followed by read operations to read the Array, Status Register or 


Electronic Signature code. 
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M28F410, F420, V410, V420 


ORDERING INFORMATION SCHEME 


Example: | M28F410 -80 X W N 


Array Org. 


Jen bees | Option | 


F 5V 1 Top Boot 0 to 70 °C R Reverse 

V 3Vto5.5V 2 Bottom Boot 3 -40to 125°C Pin-Qut 
3 TR Tape & Reel 

6 —-40to 85°C Packing 


Vcc Tol. ’F’ Version 


-60 60ns blank + 10% blank + 5% M $044 

-70 70ns X +5% W + 10% N TSOP56 
-80 80ns 14 x 20mm 
-100 100ns 

-150 150ns 


For a list of available options (Vcc Range, Array Organisation, Speed, etc...) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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kws SGS-THOMSON M28F411, F421 
IF, MicROELECTRONICS M28V411, V421 


CMOS 4 Megabit (512K x 8, 7 Block Erase) 
FLASH MEMORY 


ADVANCE DATA 


=» SMALL SIZE TSOP40 PLASTIC PACKAGE 
— Normal and Reverse Pinout 
=» MEMORY ERASE in BLOCKS 


— One 16K Boot Block (top or bottom location) 
with hardware write protection 


— Two 8K Key Parameter Blocks 
— One 96K Main Block 
— Three 128K Main Blocks 
=m SUPPLY VOLTAGE in READ OPERATION . aie ca 
— 5V + 10% for M28F411, F421 versions 
— 3V to 5.5V for M28V411, V421 versions 
= PROGRAM/ERASE CYCLES 
— 100,000 for M28F411, F421 versions 
— 10,000 for M28V411, V421 versions 
« PROGRAM/ERASE CONTROLLER ; ct at 
=» LOW POWER CONSUMPTION Figure 1. Logic Diagram 
— 80nA Typical in Standby for M28F411, F421 
— 50puA Typical in Standby for M28V411, V421 


— 0.2uA Typical in Deep Power Down for all 
versions 


# FAST ACCESS TIMES 
— 60-80ns for M28F411, F421 
— 150-200ns for M28V411, V421 


K 71» DQO—DQ7 


Table 1. Signal Names 
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M28F411, F421, V411, V421 


Figure 2. TSOP Pin Connections 


M28F /V411 
M28F /V421 


(Normal) 


Warning: NC = No Connection, DU = Don’t Use 


DESCRIPTION 


The M28F411, F421 and M28V411, V421 FLASH 
MEMORY products are non- volatile memories that 
may be erased electrically at the block level and 
programed byte-by-byte. The interface is directly 
compatible with most microprocessors. Plastic 
TSOP40 (Normal and Reverse pinout) package is 
used. 


Organisation 


The organisation is 512K x 8 with Address lines 
AO-A18 and Data Input/Outputs DQ0-DQ7. Mem- 
ory control is provided by Chip Enable, Output 
Enable and Write Enable inputs. A Power 
Down/Boot block unlock, tri-state, input places the 
memory in deep power down, normal operation or 
enables programing and erasure of the Boot block. 


Blocks 


Erasure of the memories is in blocks. There are 7 
blocks in the memory address space, one ’Boot’ 
block of 16K, two ’Key Parameter’ blocks of 8K, one 
‘Main’ block of 96K and three ’Main’ blocks of 128K. 
The M28F411, V411 memories have the Boot block 
at the top of the memory address space and the 
M28F 421, V421 locate the Boot block starting at 
the bottom. Erasure of each block takes typically 
1-2 seconds and each block may be programed 
and erased over 100,000 cycles (10,000 for 
M28V411, V421). The Boot block is protected from 
accidental programing or erasure by a hardware 


VA01134 


protection depending on the PWD signal. Pro- 
gram/Erase commands in the Boot block are exe- 
cuted only when PWD is at 12V. Block erasure may 
be suspended while data is read from other blocks 
of the memory, then resumed. 


Command Interface 


Commands can be written to a Command Interface 
latch to perform read, programming, erasure and 
to monitor the memory’s status. When power is first 
applied, on exit from power down or if Vcc falls 
below Viko, the command interface is reset to 
Read Memory Array. Five operations can be per- 
formed by the appropriate bus cycles, Read Byte 
from the Array, Read Electronic Signature, Output 
Disable, Standby and Write a Command of an 
Instruction. 


Instructions and Commands 


Eight Instructions are defined to perform Read 
Memory Array, Read Status Register, Read Elec- 
tronic Signature, Erase, Program, Clear Status 
Register, Erase Suspend and Erase Resume. An 
internal Program/Erase Controller (P/E.C.) handles 
all timing and verification of the Program and Erase 
instructions and provides status bits to indicate its 
operation and exit status. 


Instructions are composed of a first command write 
operation followed by either second command 
write, to confirm the commands for programming 
or erase, or a read operation to read data from the 


2/4 . 
s—__§———_—__—— hyp SS8cnieunes 


368 


DESCRIPTION (cont'd) 


array, the Electronic Signature or the Status Reg- 
ister. 


For added data protection, the instructions for byte 
program and block erase consist of two commands 
that are written to the memory and which start the 
automatic P/E.C. operation, byte programming 
takes typically 9us, block erase typically 1-2.4 sec- 
onds. Erasure of a memory block may be Sus- 
pended in order to read data from another block 
and then resumed. A Status Register may be read 
at any time, including during the programming or 
erase cycles, to monitor the progress of the oper- 
ation. 


Table 2. Instructions 


| RD [Read | Write | 


| eS | Erase | Erase Suspend _ | write | 


Notes: 1. X = Don't Care 


ist Cycle 2nd Cycle 


Cycles 
Opera- (1) Opera- Ad- Data 
—— a= na —« 


Read Status 
Ce = Te Loe 
Read Electronic ; 
Erase 2 Write Xx 20h Write Block ODOh 
Address 
2.2 es ee — ra 
Clear Status 


an a 2 eS 


M28F411, F421, V411, V421 


Power Saving 


The M28F411, F421 and M28V411, V421 memo- 
ries have a number of power saving features. Fol- 
lowing a Read access the memory enters a static 
mode in which the supply current is typically 1.0mA 
(0.8mA for M28V411, V421). A CMOS standby 
mode is entered when the Chip Enable E and the 
Power Down PWD signals are at Vcc, when the 
supply current drops to typically 45uA. A deep 
power down mode is enabled when the Power 
Down PWD signal is at Vss, when the supply 
current drops to typically 0.2uA. The time required 
to awake from the deep power down mode is 600ns 
maximum (700ns for M28V411, V421), with instruc- 
tions to the C.I. recognised after only 480ns (1ps 
for M28V411, V421). 


| OFFh | Note 2 2 


| OBoh | 


2. The first cycle of the RD, RSR or RSIG instuction is followed by read operations to read the Array, Status Register or 


Electronic Signature code 
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M28F411, F421, V411, V421 


ORDERING INFORMATION SCHEME 


Example: M28F411 -80 X W N 


= | Array Org. | 


| Tem. ange __ Range 


F 5V Top Boot 0 to 70°C a Reverse 

V 3V to 5.5V 2 Bottom Boot 3 -40to 125°C Pin-Out 
5 TR Tape & Reel 

6 -40to 85°C Packing 


Vcc Tol. ’F’ Version 


-60 60ns blank + 10% blank + 5% N TSOP40 
-80 80ns X + 5% W + 10% 10 x 20mm 
-100 100ns 

-150 150ns 


For a list of available options (Vcc Range, Array Organisation, Speed, etc...) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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kw SGS-THOMSON M28F841 
JF, MICROELECTRONICS M28v841 


CMOS 8 Megabit (1Meg x 8, 16 x 64K Sector Erase) 
FLASH MEMORY 


ADVANCE DATA 


m SMALL SIZE TSOP40 and SO44 PLASTIC 
PACKAGES 


— Normal and Reverse Pinout for TSOP ver- 
sions 


= MEMORY ERASE in SECTORS, 16 x 64K 
a SUPPLY VOLTAGE in READ OPERATION 
— 5V + 10% for M28F841 version 
— 3V to 5.5V for M28V841 version 
= PROGRAM/ERASE CYCLES per SECTOR TSOP40 (N) S044 (M) 
— 100,000 for M28F841 version eon 
— 10,000 for M28V841 version 
= PROGRAM/ERASE CONTROLLER 
— Program Byte-by-Byte 
~ Erase by Sector, Erase Suspend/Resume 
— Ready/Busy Output 
x LOW POWER CONSUMPTION 
— 30uA Typical in Standby 
— 0.2uA Typical in Deep Power Down 
=" FAST ACCESS TIMES 
— 85-120ns for M28F841 
— 200ns for M28V841 


Figure 1. Logic Diagram 


K 1» DQ0—DQ7 
Table 1. Signal Names 
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M28F 841 


M28V841 
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M28F841, V841 


Figure 2A. TSOP Pin Connections 


M28F841 
M28V841 


(Normal) 


Warning: NC = No Connection 


Figure 2B. TSOP Reverse Pin Connections 


M28F 841 
M28V841 


Warning: NC = No Connection 


DESCRIPTION 


The M28F841, M28V841 FLASH MEMORY prod- 
ucts are non-volatile memories that may be erased 
electrically at the sector level and programed byte- 
by-byte. The interface is directly compatible with 
most microprocessors. They are intended for com- 
puter file systems applications. Plastic TSOP40 
(Normal and Reverse pinout) and SO44 packages 
are used. 


VA01136 


Organisation 


The organisation is 1 Meg x 8 with Address lines 
AO-A19 and Data Input/Outputs DQ0-DQ7. Mem- 
ory control is provided by Chip Enable, Output 
Enable and Write Enable inputs. A Power Down 
input places the memory in deep power down. A 
Ready/Busy output indicates the status of the inter- 
nal Program/Erase Controller (P/E.C.). 
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Figure 2C. SO Pin Connections 
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ce) 


Warning: NC = No Connection 


Sectors 


Erasure of the memories is in sectors. There are 
16 sectors in the memory address space, each of 
64K bytes. Programing of each sector takes typi- 
cally 0.6 seconds and erasure 1.6 seconds, each 
sector may be programed and erased over 100,000 
cycles (10,000 for M28V841). All sectors are pro- 
tected from programming or erasure when the 
Power Down PWD signal is Low. Sector erase may 
be suspended while data is read from other sectors 
of the memory, then resumed. 


Command Interface 


Commands can be written toa Command Interface 
latch to perform read, programing, erasure and to 
monitor the memory’s status. When power is first 


M28F841, V841 


applied, on exit from power down or if Vcc falls 
below Viko, the command interface is reset to 
Read Memory Array. Four operations can be per- 
formed by the appropriate bus cycles, Read a Byte 
from the Array, Output Disable, Standby and Write 
a Command of an Instruction. 


Instructions and Commands 


Eight Instructions are defined to perform Read 
Memory Array, Read Status Register, Read Elec- 
tronic Signature, Erase, Program, Clear Status 
Register, Erase Suspend and Erase Resume. An 
internal Program/Erase Controller (P/E.C.) handles 
all timing and verification of the Program and Erase 
instructions and provides status bits to indicate its 
operation and exit status. Instructions are com- 
posed of a first command write operation followed 
by either second command write, to confirm the 
commands for programming or erase, or a read 
operation to read data from the Array, the Electronic 
Signature or the Status Register. 


For added data protection, the instructions for byte 
program and sector erase consist of two com- 
mands that are written to the memory and which 
Start the automatic P/E.C. operation. Byte pro- 
gramming takes typically 9s, sector erase typically 
1.6 seconds. Erasure of a memory sector may be 
suspended in order to read data from another 
sector and then resumed. A Status Register may 
be read at any time, including during the program- 
ming or erase cycles, to monitor the progress of the 
operation. In addition a Ready/Busy output indi- 
cates the status of the P/E.C. After Programing or 
Erasure the command interface must be reset by 
giving the Read Memory Array instruction before 
the memory contents can be accessed. 


Power Saving 


The M28F841, M28V841 memories have anumber 
of power saving features. Following a Read access 
the memory enters a static mode in which the 
supply current is typically 1.0mA. A CMOS standby 
mode is entered when the Chip Enable E and the 
Power Down PWD signals are at Vcc, when the 
supply current drops to typically 30uA. A deep 
power down mode is enabled when the Power 
Down PWD signal is at Vss, when the supply 
current drops to typically 0.2uA. The time required 
to awake from the deep power down mode is 400ns 
maximum, with instructions to the C.]. recognised 
after Ips. 
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M28F841, V841 


Table 2. Instructions 


1st Cycle 2nd Cycle 
Opera- (1) Opera- Ad- Data 


i 


: Sector ’ Sector 
yt 


Notes: 1. X = Don't Care 
2. The first cycle of the RD, RSR or RSIG instuction is followed by read operations to read the Array, Status Register or 
Electronic Signature code. 
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M28F841, V841 


ORDERING INFORMATION SCHEME 


Example: M28F841 -85 X N 1 R 


F 5V 
V 3Vto 5.5V 


R Reverse Pin-Out 


TR Tape & Reel 
Packing 


-85 85ns blank + 10% M S044 1 Oto70°C 
90 90ns x + 5% N  TSOP40 6 40 to 85°C 
120 120ns Merev ram 


For a list of available options (Vcc Range, Speed, etc...) refer to the Selector Guide in this Data Book or 
to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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M28F161 


CMOS 16 Megabit (2Meg x 8, 32 x 64K Sector Erase) 


= SMALL SIZE TSOP48 and SO44 PLASTIC 
PACKAGES 


— Normal and Reverse Pinout for TSOP ver- 
sions 


= MEMORY ERASE in SECTORS, 32 x 64K 

=m SUPPLY VOLTAGE in READ OPERATION 
—- 3.3V+0.3V 

a 12V PROGRAMMING VOLTAGE 


= 10,000 PROGRAM/ERASE CYCLES per 
SECTOR 


=» PROGRAM/ERASE CONTROLLER 
— Program Byte-by-Byte 
— Erase by Sector, Erase Suspend/Resume 
— Ready/Busy Output 
=» LOW POWER CONSUMPTION 
— 30uA Typical in Standby 
— 0.2uA Typical in Deep Power Down 
# FAST ACCESS TIMES: 100ns Max 


Table 1. Signal Names 
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FLASH MEMORY 


PRODUCT CONCEPT 


TSOP48 (N) 
12 x 20mm 


Figure 1. Logic Diagram 
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This is advance information on a new product now undergoing evaluation. Details are subjets to change without notice. 
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Figure 2A. TSOP Pin Connections 


M28F161 
(Normal) 


Warning: NC = No Connection 


Figure 2B. SO Pin Connections 
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Warning: NC = No Connection 


DESCRIPTION 


The M28F161 FLASH MEMORY is a non-volatile 
memory that may be erased electrically at the 
sector level and programed byte-by-byte. The in- 
terface is directly compatible with most micropro- 
cessors. It is intended for computer file systems 
applications. Plastic TSOP48 (Normal and Re- 
verse pinout) and SO44 packages are used. 


Organisation 


The organisation is 2 Meg x 8 with Address lines 
AQO-A20 and Data Input/Outputs DQ0-DQ7. Mem- 
ory contro! is provided by Chip Enable, Output 
Enable and Write Enable inputs. A Power Down 
input places the memory in deep power down. A 
Ready/Busy output indicates the status of the inter- 
nal Program/Erase Controller (P/E.C.). 


Sectors 


Erasure of the memory is in sectors. There are 32 
sectors in the memory address space, each of 64K 
bytes. Programing of each sector takes typically 0.6 
seconds and erasure 1.6 seconds, each sector 
may be programed and erased over 10,000 cycles. 
All sectors are protected from programming or 
erasure when the Power Down PWD signal is Low. 
Sector erase may be suspended while data is read 
from other sectors of the memory, then resumed. 


Command Interface 


Commands can be written to a Command Interface 
latch to perform read, programing, erasure and to 
monitor the memory’s status. When power is first 
applied, on exit from power down or if Vcc falls 


OMSON 
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below Viko, the command interface is reset to 
Read Memory Array. Four operations can be per- 
formed by the appropriate bus cycles, Read a Byte 
from the Array, Output Disable, Standby and Write 
a Command of an Instruction. 


Instructions and Commands 


Eight Instructions are defined to perform Read 
Memory Array, Read Status Register, Read Elec- 
tronic Signature, Erase, Program, Clear Status 
Register, Erase Suspend and Erase Resume. An 
internal Program/Erase Controller (P/E.C.) handles 
all timing and verification of the Program and Erase 
instructions and provides status bits to indicate its 
operation and exit status. Instructions are com- 
posed of a first command write operation followed 
by either second command write, to confirm the 
commands for programming or erase, or a read 
operation to read data from the Array, the Electronic 
Signature or the Status Register. 


For added data protection, the instructions for byte 
program and sector erase consist of two com- 
mands that are written to the memory and which 
start the automatic P/E.C. operation. 


Table 2. Instructions 


| Rp |Read | | write _| 


Erase 


Clear Status 
ae [age [+ [oe 


| ES | Erase Suspend | 4 | Write | Write 


Notes: 1. X = Don’t Care 


ist Cycle 2nd Cycle 


Cycles 
Opera- Opera- Ad- Data 
prom | mon [om eT [oe ee wane 


Te fae [fw [ow fee 

Treo fepee= [= [we |e [om [owe] | 
jms om fe [oe [| 

Te frm mw ls fee ww [yt |B 

tet tT 
| son | 
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Byte programming takes typically 91s, sector erase 
typically 1.6 seconds. Erasure of a memory sector 
may be suspended in order to read data from 
another sector and then resumed. A Status Regis- 
ter may be read at any time, including during the 
programming or erase cycles, to monitor the prog- 
ress of the operation. In addition a Ready/Busy 
output indicates the status of the P/E.C. After Pro- 
graming or Erasure the command interface must 
be reset by giving the Read Memory Array instruc- 
tion before the memory contents can be accessed. 


Power Saving 


The M28F161 memory has a number of power 
saving features. ACMOS standby mode is entered 
when the Chip Enable E and the Power Down PWD 
Signals are at Vcc, when the supply current drops 
to typically 30nA. A deep power down mode is 
enabled when the Power Down PWD signal is at 
Vss, when the supply current drops to typically 
0.2uA. The time required to awake from the deep 
power down mode is 400ns maximum, with instruc- 
tions to the C.|. recognised after 1s. 


| Note 2 | 2 


2. The first cycle of the RD, RSR or RSIG instuction is followed by read operations to read the Array, Status Register or 


Electronic Signature code. 
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ORDERING INFORMATION SCHEME 


Example: M28F161 -100 X N 


J] ae Bee 


*-100 100ns blank  +10% M S044 0 to 70°C R oe 
-120 120ns x + 5% N TSOP48 6 —40to85°C Pin-Out 
12 x 20mm TR Tape &Reel 
-150 150ns neh 


For a list of available options (Speed, Vcc Tolerance, etc...) refer to the Selector Guide in this Data Book 
or to the current Memory Shortform catalogue. 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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: 2C BUS EEPROM 


ky 3GS;THOMSON 


ST24C01, ST25C01 
ST24x01C, ST25x01C 


SERIAL ACCESS CMOS 1K (128 x 8) EEPROMs 


MINIMUM 1 MILLION ERASE/WRITE 
CYCLES with OVER 10 YEARS DATA 
RETENTION 


# SINGLE SUPPLY VOLTAGE: 
— 4.5V to 5.5V for ST24C01 version 
— 38V to 5.5V for ST24x01C versions 


— 2.5V to 5.5V for ST25C01, ST25x01C ver- 
sions 


# HARDWARE WRITE CONTROL VERSIONS: 
ST24W01C and ST25W01C 


™ TWO WIRE SERIAL INTERFACE, FULLY [fC 
BUS COMPATIBLE 


e BYTE and MULTIBYTE WRITE (up to 4 
BYTES) 


a PAGE WRITE (up to 8 BYTES) 


# BYTE, RANDOM and SEQUENTIAL READ 
MODES 


mB SELF TIMED PROGRAMMING CYCLE 
# AUTOMATIC ADDRESS INCREMENTING 


# ENHANCED ESD/LATCH UP 
PERFORMANCES FOR "C" VERSIONS 


=» PREFERRED DEVICES for NEW DESIGN: 
$124/25C01C and ST24/25w01C 


DESCRIPTION 


This specification covers a range of 1K bits IC bus 
EEPROM products, the ST24/25C01, the 
$T24/25C01C and the ST24/25W01C. In the text, 
products are referred to as ST24/25x01C, where 


Table 1. Signal Names 


EO - E2 Chip Enable Inputs 
Serial Data Address Input/Output 
ees... Serial Clock 


Cone Wnte Mode 


Write | Write Control (W version) (W version) 


a ane 


October1993. 
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PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 


9124C01 
S#2Z9C01 
ST24x01C 
STZOXOLG 


K 
MODE /WC 


VA00839B 


Note: WC signal is only available for ST24/25W01C products. 
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Figure 2A. DIP Pin Connections 


S724 /25C01 
ST24/25C01C 


Storage Temperature 


Lead Temperature, Soldering 


Output Voltage 


Electrostatic Discharge Voltage (Machine model) (3) 


(SO8 package) 
(PSDIP8 package) 


$T24/25C01 
$T24/25x01C 


Supply Voltage —0.3 to 6.5 


Electrostatic Discharge Voltage (Human Body model) 2) 


Figure 2B. SO Pin Connections 


S724 /25C01 
ST24/25C01C 


VA00841B 


Value | Unit | 


0 to 70 
—40 to 125 eC 
—40 to 85 


215 PI 


—0.3 to Vcc +0.6 
—0.3 to 6.5 


grade 1 
grade 3 
grade 6 


40 sec 
10 sec 


S$T24/25C01 
$T24/25x01C 


ST24/25C01 
$T24/25x01C 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 92). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 


DESCRIPTION (cont'd) 


"x" is: "C" for Standard version and "W" for hard- 
ware Write Control version. 


The ST24/25x01C are 1K bit electrically erasable 
programmable memories (EEPROM), organized 
as 128 x 8 bits. They are manufactured in SGS- 
THOMSON’s Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 10 years. The memories operate 
with a power supply value as low as 2.5V. 


Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 


The memories are compatible with the I*C stan- 
dard, two wire serial interface which uses a bi-di- 
rectional data bus and serial clock. The memories 
carry a built-in 4 bit, unique device identification 
code (1010) corresponding to the I*C bus defini- 
tion. This is used together with 3 chip enable inputs 
(E2, E1, EO) so that up to 8 x 1K devices may be 
attached to the I?C bus and selected individually. 
The memories behave as a slave device in the I@C 
protocol with all memory operations synchronized 
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Table 3. Device Select Code 


Device Select 


Note: The MSB b7 is sent first. 


Table 4. Operating Modes () 


| Mode | Wit 


Notes: 1. X= Vin or Vir 
2. Multibyte Write not available in ST24/25WO01C versions. 


pL evicstcote | hip Enable |W 
FE Se 
Pt foo fot Po ee et 


C1 | Des Gane ee 
Bandemcadamee meso ee ee ee ee START, Device Select, RW ='0’, Address 
po | x fd restart. Device Select R= 
[SequenialRead | |X| tt0128 | Similarto Current orRandom Mode 
feyewite | |X| _| START Device Select, RW =" 
[Mutibytewrte® | so | vm | START Device Select, RW='0 
Pagewrite | to | me | 8 START Device Select, Wa" 


Current Address Read a 


$T24/25C01, ST24/25x01C 


Table 5. Endurance and Data Retention Guarantees 


) ——staacor,stescon ST25C01 


by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 7 bits (identification code 1010), plus one 
read/write bit and terminated by an acknowledge 
bit. 

When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi- 
nated with a STOP condition. 


Device Endurance Data Retention 
E/W —" Years 


1 000,00 000 


ST24C01C, ST25C01C 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 


. 3/13 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 50ns 


Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 3. AC Testing Input Output Waveforms 


VA00825 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vcc 
to act as a pull up (see Figure 4). 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 


with other opén drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (See Figure 4). 


Chip Enable (E0 - E2). These chip enable inputs 
are used to set the 3 least significant bits (b3, b2, 
b1) of the 7 bit device select code. These inputs 
may be driven dynamically or tied to Vcc or Vss to 
establish the device select code. 


Mode (MODE). The MODE input is available on pin 
7 (see also WC feature) and may be driven dynam- 
ically. It must be at Vit or Vin for the Byte Write 
mode, Vin for Multibyte Write mode or Vit for Page 
Write mode. When unconnected, the MODE input 
is internally read as Vin (Multibyte Write mode). 


Write Control (WC). An hardware Write Control 
feature (WC) is offered only for ST24W01C and 
ST25W01C versions on pin 7. This feature is 
usefull to protect the contents of the memory from 
any erroneous erase/write cycle. The Write Control 
signal is used to enable (WC = Vin) or disable (WC 
= Vi.) the internal write protection. When uncon- 
nected, the WC input is internally read as ViL. The 
devices with this Write Control feature no longer 
support the Multibyte Write mode of operation, 
however all other write modes are fully supported. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control feature. 


Figure 4. Maximum RL Value versus Bus Capacitance (Cpus) for an I@C Bus 


R; max (kQ) 


200 
Cpus (pF) 
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Table 6. Capacitance “) (Ta = 25 °C, f = 100 kHz) 


[symbct [__Pavanstor——‘[-—TestConion [win [tox [Unt 
a ee ee a 
[cue [ pt Cnastane hers [|r 
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Note: 1. Sampled only, not 100% tested. 


Table 7. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 3V to 5.5V or 2.5V to 5.5V) 


ae Test Condition | in| ax | Unit_| 
ty | input Leakage Current OV < Vin S$ Vec eed ae 


OV < Vout $ Vec 
Vec = 5V, fc = 100KHz 
Supply Current (Rise/Fall time < 10ns) 
Supply Current (ST25 series) Voc = 2.5V, fc = 400kHz 


ViN= Vss | or Vcc, 
lect Supply Current (Standby) 3 


Vin = Vss or Vec, 
Vec = 5V, fe = 100kHz 


Vin = Vss or Vee, 
is Supply Current (Standby) Vcc = 2.5V 


(ST25 series) 


Vin = Vss or Vcc, 
Voc = 2.5V, fo = 100kKHz 


50 LA 
— Input Low Voltage (SOL, SDA eee Fe ee 


Input Low Voltage___ 
(EO - E2, MODE, WC) 
Input High Voltage__ 
P= us EO - E2, MODE, WC) ese 
| Output Low Voltage Low poo pe rrernenney lo. = 3mA, Vcc = 5V en 
VoL 
Output Low | Output Low Voltage (ST25 series) (ST25 series) lo. = 2.1mA, Vcc = 2.5V aa 


V Power On Reset Threshold 
POR ‘ (ST25 series) 
(1) S Range >). Read Operations 


Note: 1. At the time of publication of this data sheet, the statistical history, for the ST25x01C, was not yet sufficient to guarantee a 
Vcc Read = 2V. For the lastest information contact your local S@GS-THOMSON Sales Office. 
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Table 8. AC Characteristics 


(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 3V to 5.5V or 2.5V to 5.5V) 


Symbol 


Notes: 1. For a reSTART condition, or following a write cycle. 


2. In the Multibyte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (6 address MSB are not constant) the 


maximum programming time is doubled to 20ms. 


DEVICE OPERATION 
IC Bus Background 


The ST24/25x01C support the I?C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST24/25x01C are always slave 
devices in all communications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25x01C 
continuously monitor the SDA and SCL signals for 
a START condition and will not respond unless one 
is given. 


Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24/25x01C 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDAbus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 


Data Input. During data input the ST24/25x01C 
sample the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera- 
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 
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$T24/25C01, ST24/25x01C 


Figure 5. AC Waveforms 
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DEVICE OPERATION (cont'd) 


Memory Addressing. To start communication be- 
tween the bus master and the slave ST24/25x01C, 
the master mustinitiate a START condition. Follow- 
ing this, the master sends onto the SDA bus line 8 
bits (MSB first) corresponding to the device select 
code (7 bits) and a READ or WRITE bit. 


The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
I?C bus definition. For these memories the 4 bits 
are fixed as 1010b. The following 3 bits identify the 
specific memory on the bus. They are matched to 
the chip enable signals E2, E1, EO. Thus up to 8 x 
1K memories can be connected on the same bus 
giving a memory capacity total of 8K bits. After a 
START condition any memory on the bus will iden- 
tify the device code and compare the following 3 
bits to its chip enable inputs E2, E1, E0. 


Figure 6. IC Bus Protocol 


SCL 


1 
i} 
i} t 
' ' 
! I 
<——__—_——_ > 


START 
CONDITION 


SDA 


SDA 
INPUT CHANGE 


The 8th bit sent is the read or write bit (RW), this 
bit is set to ’1’ for read and ’0’ for write operations. 
If a match is found, the corresponding memory will 
acknowledge the identification on the SDA bus 
during the 9th bit time. 


Write Operations 


The Multibyte Write mode (only available on the 
$T24/25C01 and ST24/25C01C versions) is se- 
lected when the MODE pin is at Vin and the Page 
Write mode when MODE pin is at Vit. The MODE 
pin may be driven dynamically with CMOS input 
levels. 


Following a START condition the master sends a 
device select code with the RW bit reset to ’0’. The 
memory acknowledges this and waits for a byte 
address. The byte address of 7 bits (the Most 
Significant Bit is ignored) provides access to any of 
the 128 bytes of the memory. After receipt of the 


— 
STOP 
CONDITION 


START 
CONDITION 
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byte address the device again responds with an 
acknowledge. 


For the ST24/25W01C versions, any write com- 
mand with WC = 1 (during a period of time from the 
START condition untill the end of the Byte Address) 
will not modify data and will NOT be acknowledged 
on data bytes, as in Figure 9. 


Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 
is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either Vin 
or ViL, to minimize the stand-by current. 


Multibyte Write. For the Multibyte Write mode, the 
MODE pin must be at Vin. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the mem- 
ory. The transfer is terminated by the master gen- 
erating a STOP condition. The duration of the write 
cycle is tw = 10ms maximum except when bytes 
are accessed on 2 rows (that is have different 
values for the 5 most significant address bits A6- 
A2), the programming time is then doubled to a 
maximum of 20ms. Writing more than 4 bytes in the 
Multibyte Write mode may modify data bytes in an 
adjacent row (one row is 8 bytes long). However, 
the Multibyte Write can properly write up to 8 
consecutive bytes only if the first address of these 
8 bytes is the first address of the row, the 7 following 
bytes being written in the 7 following bytes of this 
same row. 


Page Write. For the Page Write mode, the MODE 
pin must be at Vic. The Page Write mode allows up 
to 8 bytes to be written in a single write cycle, 
provided that they are all located in the same ’row’ 
in the memory: that is the 5 most significant mem- 
ory address bits (A7-A3) are the same. The master 
sends from one up to 8 bytes of data, which are 
each acknowledged by the memory. After each 
byte is transfered, the internal byte address counter 
(3 least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad- 
dress counter ’roll-over’ which could result in data 
being overwritten. Note that, for any write mode, 
the generation by the master of the STOP condition 
Starts the internal memory program cycle. Allinputs 
are disabled until the completion of this cycle and 
the memory will not respond to any request. 


$T24/25C01, ST24/25x01C 


Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon- 
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tW) is given in 
the AC Characteristics table, since the typical time 
is shorter, the time seen by the system may be 
reduced by an ACK polling sequence issued by the 
master. The sequence is as follows: 


— Initial condition: a Write is in progress (see Figure 
7). 

— Step 1: the Master issues a START condition 
followed by a Device Select byte (1st byte of the 
new instruction). 


— Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will respond 
with an ACK, indicating that the memory is ready 
to receive the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 1). 


Read Operations 


Read operations are independent of the state of the 
MODE pin. On delivery, the memory content is set 
at all "1’s" (or FFh). 


Current Address Read. The memory has an inter- 
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad- 
dress Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to ’1’. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out- 
put, but terminates the transfer with a STOP con- 
dition. 


Random Address Read. A dummy write is per- 
formed to load the address into the address 
counter, see Figure 10. This is followed by another 
START condition from the master and the byte 
address is repeated with the RW bit set to 1’. The 
memory acknowledges this and outputs the byte 
addressed. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
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DEVICE OPERATION (cont'd) 


memory continues to output the next byte in se- 
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automati- 
cally incremented after each byte output. After a 


Figure 7. Write Cycle Polling using ACK 


count of the last memory address, the address 
counter will ’roll- over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24/25x01C wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the St24/25x01C termi- 
nate the data transfer and switches to a standby 
state. 


WRITE Cycle 
in Progress 


START Condition 


DEVICE SELECT. 
with RW = O 


NO 


Returned 


Operation is 
RANDOM ADDRESS 
READ or WRITE 


Proceed 
Next Instruction 


ISSUE the 
Second Part of 
the Instruction 


VA01099 
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Figure 8. Write Modes Sequence (ST24/25C01, ST24/25C01C) 


ACK ACK 


Al DEV SEL BYTE ADDR DATA IN id 


START RW STOP 


MULTIBYTE 


ACK a 


= 
AND DEV <SEL BYTE ADDR DATA IN 1 DATA IN ra 


PAGE WRITE oe 


START RW 
ACK ACK 


= 7 
DATA IN N i 


VA00793 


Figure 9. Write Modes Sequence with Write Control = 1 (ST24/25W01C) 


ACK ACK NO ACK 


TL aey 8]. Cavemen | ora] 


START RW 


ACK ACK NO ACK 


a7F 
PAGE WRITE Hi DEV SEL | BYTE ADDR | DATA IN 1 | DATA IN ra 


START RW 


WC 
(cont'd) 


NO ACK NO ACK 


PAGE WRITE ~T Toran | 
ean : DATA IN N i 


STOP VA01161 
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Figure 10. Read Modes Sequence 


NO ACK 


rae DEV SEL DATA OUT al 


READ START RW 


ACK ACK NO ACK 


ADDRES aey set], ere ebee |!) rey se Deke Sor 
ADDRESS See BYTE ADDR A DEV SEL DATA OUT E 


| | 
READ RW RW STOP 


K NO ACK 
CURRENT PATA OUT 
A Ed 
CURRENT asia 


READ 


Sen | BYTE ADOR, | | DEV SEL, | 
DEV SEL BYTE ADDR DEV SEL 
RANDOM i | 
RW 


READ START START 


ACK NO ACK 


eae oor LD 


STOP ; VA007948 
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ORDERING INFORMATION SCHEME 


Example: ST24C0iC M 1 TR 
Operating Voltage 
24 3Vto5.5V 013TR Tape & Reel 
25 25Vto5.5V Faening 
TR Tape & Reel 
Packing (for 
Revision C 
Version) 
| Revision 
C Standard blank CMOS F3 B  PSDIP8 1 Oto70°C 
W_ Hardware voce ae 3 -40to 125°C 
Write Control C CMOS F4 6 —40toss°C — 
Tech. M sos . 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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[a7 SGS-THOMSON ST24C02A, ST25C02A 
AYA, iuicsoelecmomes ST24x02C, ST25x02C 


SERIAL ACCESS CMOS 2K (256 x 8) EEPROMs 


= MINIMUM 71 MILLION ERASE/WRITE 
CYCLES with OVER 10 YEARS DATA 
RETENTION 


=» SINGLE SUPPLY VOLTAGE: 
— 38V to 5.5V for ST24C02A version 
— 3V to 5.5V for ST24x02C versions 


— 2.5V to 5.5V for ST25C02A, ST25x02C ver- 
sions 


=» HARDWARE WRITE CONTROL VERSIONS: 
ST24W02C and ST25W02C 


= TWO WIRE SERIAL INTERFACE, FULLY |?C 
BUS COMPATIBLE 


= BYTE and MULTIBYTE WRITE (up to 4 
BYTES) 


= PAGE WRITE (up to 8 BYTES) 


» BYTE, RANDOM and SEQUENTIAL READ 
MODES 


# SELF TIMED PROGRAMMING CYCLE 
» AUTOMATIC ADDRESS INCREMENTING 


= ENHANCED ESD/LATCH-UP 
PERFORMANCES for "C" VERSIONS 


= PREFERRED DEVICES for NEW DESIGNS: 
$T24/25C02C and ST24/25W02C 


DESCRIPTION 


This specification covers a range of 2K bits IC bus 
EEPROM products, the ST24/25CO2A, the 
ST24/25C02C and the ST24/25W02C. In the text, 
products are referred to as ST24/25x02C, where 


Table 1. Signal Names 


E0-E2 Chip Enable Inputs 
/SDA Serial Data Address Input/Output 
Serial Clock 


[sc 

a 
ee oc 
es 


October 1993 


1 


PSDIP8 (B) SO8 (M) 


0.25mm Frame 


Figure 1. Logic Diagram 


Z—~ ST24C02A 
ST25CO2A 
ST24x02C 
ST25x02C 


MODE /WG * 


VA00788B 


Note: WC signal is only available for ST24/25W02C products. 
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Figure 2A. DIP Pin Connections 


ST24/25C02A 
ST24/25C02C 


VA00789B 


Table 2. Absolute Maximum Ratings “) 


Symbol Parameter 


VEsp 


TA Ambient Operating Temperature grade 7 0 to 70 
grade 3 —40 to 125 °C 
grade 6 —40 to 85 
Storage Temperature —65 to 150 
TLEAD Lead Temperature, Soldering (SO8 package) 40 sec 215 °C 
(PSDIP8 package) 10sec 260 
Vo Output Voltage ST24/25C02A —0.3 to Vcc +0.6 Vv 
ST24/25x02C —0.3 to 6.5 


input Voltage 
Supply Voltage —0.3 to 6.5 


Electrostatic Discharge Voltage (Human Body model) 


Electrostatic Discharge Voltage (Machine model) (9) 


Figure 2B. SO Pin Connections 


ST24/25CO2A 
S124 256026 


VA00790B 


Value | Unit 


ST24/25C02A 2000 V 
$T24/25x02C 4000 
ST24/25C02A 500 V 
ST24/25x02C 500 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 


DESCRIPTION (cont'd) 


"x" is: "C" for Standard version and "W" for hard- 
ware Write Control version. 


The ST24/25x02C are 2K bit electrically erasable 
programmable memories (EEPROM), organized 
as 256 x 8 bits. They are manufactured in SGS- 
THOMSON’s Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 10 years. The memories operate 
with a power supply value as low as 2.5V. 


Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 


The memories are compatible with the IC stan- 
dard, two wire serial interface which uses a bi-di- 
rectional data bus and serial clock. The memories 
carry a built-in 4 bit, unique device identification 
code (1010) corresponding to the I?C bus defini- 
tion. This is used together with 3 chip enable inputs 
(E2, E1, EO) so that up to 8 x 2K devices may be 
attached to the I7C bus and selected individually. 
The memories behave as a slave device in the I@C 
protocol with all memory operations synchronized 
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Table 3. Device Select Code 


Device Code 


$T24/25C02A, ST24/25x02C 


Chip Enable 


Device Select 


Note: The MSB b7 ts sent first. 


Table 4. Operating Modes “) 


Current Address Read 


Random Address Read 


Tuono wite®™ 


Notes: 1. X= Vin or Vit 
2. Multibyte Write not available in ST24/25W02C versions. 


Table 5. Endurance and Data Retention Guarantees 


by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 7 bits (identification code 1010), plus one 
read/write bit and terminated by an acknowledge 
bit. 

When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi- 
nated with a STOP condition. 


Endurance 

E/W Cycles 
ST24C02A, ST25C02A 1,000,000 10 
$T24C02C, ST25C02C 


Data Retention 
Years 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 


OMSON.————is—CstB 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 50ns 


Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 3. AC Testing Input Output Waveforms 


VA008&25 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vcc 
to act as a pull up (see Figure 4). 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 


with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (see Figure 4). 


Chip Enable (E2 - E0). These chip enable inputs 
are used to set the 3 least significant bits (b3, b2, 
b1) of the 7 bit device select code. These inputs 
may be driven dynamically or tied to Vcc or Vss to 
establish the device select code. 


Mode (MODE). The MODE input is available on pin 
7 (see also WC feature) and may be driven dynam- 
ically. It must be at Vit or Vin for the Byte Write 
mode, Vin for Multibyte Write mode or Vit for Page 
Write mode. When unconnected, the MODE input 
is internally read as a Vin (Multibyte Write mode). 


Write Control (WC). An hardware Write Control 
feature (WC) is offered only for ST24W02C and 
ST25W02C versions on pin 7. This feature is 
usefull to protect the contents of the memory from 
any erroneous erase/write cycle. 


The Write Control signal is used to enable (WC = 
Vin) or disable (WC = Vi) the internal write protec- 
tion. The devices with this Write Control feature no 
longer support the Multibyte Write mode of opera- 
tion, however all other write modes are fully sup- 
ported. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control feature. 


Figure 4. Maximum RL Value versus Bus Capacitance (Cpus) for an IC Bus 


Ri max (kQ2) 


200 
Cpus (pF) 


VA01100 
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Table 6. Capacitance ™) (Ta = 25 °C, f = 100 kHz ) 


Symbol | ____Parameter__— | TestConcition | win | Max | Unit 
Input Capacitance (SDA) rr ee ee 
InputCapaciance(othernins) || | Te 


Note: 1.Sampled only, not 100% tested 


Table 7. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 8V to 5.5V or 2.5V to 5.5V) 


fe fm 
Cc 


Vec = 5V, fo = 100kHz 


Supply Current (Rise/Fall time < 10ns) 


Supply Current (ST25 series) Vcc = 2.5V, fo = 100kHz ie | 


VIN eae i S| 0 | aw 
Supply Current (Standby) 
Vin = Vss or Voc, 
Vec = 5V, fc = 100kHz | | wo | om 
Vin = Vss or Vec, 5 uA 
Supply Current (Standby) Vec = 2.5V 
(ST25 series) vom 
IN = VSS Z CC; 50 nA 
Voc = 2.5V, fo = 100kKHz 


Input Low Voltage 
Input High Voltage 
pore Meee fea | veces fv 


Note: 1. At the time of publication of this data sheet, the statistical history, for the ST25x02C, was not yet sufficient to guarantee a 
Vec Read = 2V. For the lastest information contact your local SGS-THOMSON Sales Office. 
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Table 8. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 3V to 5.5V or 2.5V to 5.5V) 


Se 
en A 
Ttescis |e | Oeckettine 
re ee ee 
Tous |» Pnpatrattme —SSOS~SSS*d 
a 


Clock Pulse With High 


tcLcH tLow Clock Pulse Width Low 


Notes: 1. Fora reSTART condition, or a a write cycle. 


Input Low to Clock Low (START) ee 
Clock Low to Input Transition ee ee 


[Clock Pulse Width Low 
| toxex | tevoar_| Input Transition to Clock Transition | 250 || ns 
| town | tevsro | ClockHigh tolnputHigh(sToP) |? || ns 
| tow | tour __| Input High to inputow (Bus Free) | 7 | 
| tax | tow | ClockLowto Data OutTransiton | 00 || 
Se 


Noise Suppression Time Constant 
(SCL & SDA =a 


a ae 


ar [as 


2. In the Multibyte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (6 address MSB are not constant) the 


maximum programming time is doubled to 20ms. 


DEVICE OPERATION 
IC Bus Background 


The ST24/25x02C support the I*C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST24/25x02C are always slave 
devices in all communications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25x02C 
continuously monitor the SDA and SCL signals for 
a START condition and will not respond unless one 
is given. 


6/13 ky7 SGS-THO 


Stop Condition. STOP is identified by alow to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24/25x02C 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 


Data Input. During data input the ST24/25x02C 
sample the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera- 
tion the SDA signal must be stable during the clock 


SON 
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Figure 5. AC Waveforms 


SDA OUT 


tCLDX 


| t 
| | t 
| | ‘ 
' I t 
! | ' 
i} 1 ' 
| | ' 
| 
| 


SDA SDA 
CONDITION INPUT CHANGE BUS: FREE 


WRITE CYCLE —-———»<______» 
STOP ! ' START 
CONDITION CONDITION 
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DEVICE OPERATION (cont'd) 


low to high transition and the data must change 
ONLY when the SCL line is low. 


Memory Addressing. To start communication be- 
tween the bus master and the slave ST24/25x02C, 
the master must initiate a START condition. Follow- 
ing this, the master sends onto the SDA bus line 8 
bits (MSB first) corresponding to the device select 
code (7 bits) and a READ or WRITE bit. 


The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
I?C bus definition. For these memories the 4 bits 
are fixed as 1010b. The following 3 bits identify the 
specific memory on the bus. They are matched to 
the chip enable signals E2, E1, EO. Thus up to 8 x 
2K memories can be connected on the same bus 
giving a memory capacity total of 16K bits. After a 
START condition any memory on the bus will iden- 
tify the device code and compare the following 3 
bits to its chip enable inputs E2, E1, E0. 


Figure 6. I?C Bus Protocol 


The 8th bit sent is the read or write bit (RW), this 
bit is set to 1’ for read and ’0’ for write operations. 
If a match is found, the corresponding memory will 
acknowledge the identification on the SDA bus 
during the 9th bit time. 


Write Operations 


The Multibyte Write mode (only available on the 
ST24/25C02A AND ST24/25C02C versions) is se- 
lected when the MODE pin is at Vin and the Page 
Write mode when MODE pin is at Vit. The MODE 
pin may be driven dynamically with CMOS input 
levels. 


Following a START condition the master sends a 
device select code with the RW bit reset to 0’. The 
memory acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac- 
cess to 256 bytes of the memory. After receipt of 
the byte address the device again responds with 
an acknowledge. 


 i—_§£_ > agar», 


SDA SDA 
INPUT CHANGE 


CONDITION 


CONDITION 
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CONDITION 
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For the ST24/25W02C versions, any write com- 
mand with WC = 1 will not modify the memory 
content. 


Byte Write. In the Byte Write mode the master 
sends one data byte, whichis acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 
is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either Vin 
or Vit, to minimize the stand-by current. 


Multibyte Write. For the Multibyte Write mode, the 
MODE pin must be at Vin. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the mem- 
ory. The transfer is terminated by the master gen- 
erating a STOP condition. The duration of the write 
cycle is tw = 10ms maximum except when bytes 
are accessed on 2 rows (that is have different 
values for the 6 most significant address bits A7- 
A2), the programming time is then doubled to a 
maximum of 20ms. Writing more than 4 bytes in the 
Multibyte Write mode may modify data bytes in an 
adjacent row (one row is 8 bytes long). However, 
the Multibyte Write can properly write up to 8 
consecutive bytes only if the first address of these 
8 bytes is the first address of the row, the 7 following 
bytes being written in the 7 following bytes of this 
same row. 


Page Write. For the Page Write mode, the MODE 
pin must be at Vi_. The Page Write mode allows up 
to 8 bytes to be written in a single write cycle, 
provided that they are all located in the same ’row’ 
in the memory: that is the 5 most significant mem- 
ory address bits (A7-A3) are the same. The master 
sends from one up to 8 bytes of data, which are 
each acknowledged by the memory. After each 
byte is transfered, the internal byte address counter 
(3 least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad- 
dress counter ’roll-over’ which could result in data 
being overwritten. Note that, for any write mode, 
the generation by the master of the STOP condition 
starts the internal memory program cycle. Allinputs 
are disabled until the completion of this cycle and 
the memory will not respond to any request. 


Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon- 
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
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maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 
shorter, the time seen by the system may be re- 
duced by an ACK polling sequence issued by the 
master. The sequence is as follows: 


— Initial condition: a Write is in progress (see Figure 


— Step 1: the master issues a START condition 
followed by a device select byte (ist byte of the 
new instruction). 


— Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will respond 
with an ACK, indicating that the memory is ready 
to receive the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 1). 


Read Operations 


Read operations are independent of the state of the 
MODE pin. On delivery, the memory content is set 
at all "1’s" (or FFh). 


Current Address Read. The memory has an inter- 
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad- 
dress Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to ’1’. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out- 
put, but terminates the transfer with a STOP con- 
dition. 

Random Address Read. A dummy write is per- 
formed to load the address into the address 
counter, see Figure 10. This is followed by another 
START condition from the master and the byte 
address is repeated with the RW bit set to 1’. The 
memory acknowledges this and outputs the byte 
addressed. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se- 
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
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DEVICE OPERATION (cont'd) 


with the internal byte address counter automati- 
cally incremented after each byte output. After a 
count of the last memory address, the address 
counter will ’roll- over’ and the memory will continue 
to output data. 


Figure 7. Write Cycle Polling using ACK 


WRITE Cycle 
in Progress 
START Condition 


DEVICE -SELECT 
with RW = O 


ACK 
Returned 
YES 


Acknowledge in Read Mode. In all read modes 
the ST24/25x02C wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25x02C termi- 
nate the data transfer and switches to a standby 
state. 


Operation is 
RANDOM ADDRESS 
READ or WRITE 


Proceed 
Next Instruction 


ISSUE the 
Second Part of 
the Instruction 


VA01099 
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Figure 8. Write Modes Sequence (ST24/25C02A, ST24/25C02C) 


ACK ACK ACK 


Tory 8], eveaboe | ba! 


START STOP 


ACK ACK ACK 
MULTIBYTE ies 


wo] [eee S| re abe CoA Coa 2 


PAGE WRITE —s 


START RW 
ACK ACK 


Pere 


STOP VA00793 


Figure 9. Write Modes Sequence with Write Control = 1 (ST24/25W02C) 


ACK ACK ACK 


i DEM SEL BYTE ADDR DATA IN 


START RW 


ACK ACK ACK 


aor 
PAGE WRITE i DEV SEL BYTE ADDR DATA IN 1 DATA IN AL 


START RW 


WC 
(cont'd) 


ACK ACK 
ae i 
(cont'd) seal 


VAQ1101 
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Figure 10. Read Modes Sequence 


12/1 
408 


CURRENT 
ADDRESS 
READ 


RANDOM 
ADDRESS 
READ 


SEQUENTIAL 
CURRENT 
READ 


SEQUENTIAL 
RANDOM 
READ 


3 


NO ACK 
DEV SEL DATA OUT 


START 


ACK ACK NO ACK 


DEV SEL | BYTE ADDR i DEV: SEL DATA OUT i 


| 
Le 
RW STOP 


NO ACK 


DEV SEL 


| 
START RW 


| NO ACK 


STOP VA00794B 
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ORDERING INFORMATION SCHEME 


Example: ST24C02C M 1 TR 
Operating Voltage 
24 3Vto5.5V 013TR Tape & Reel 
25 2.5V to 5.5V Eecdng 
TR Tape & Reel 
Packing 
(for Revision 
C Version) 
C Standard blank CMOS F3 B  PSDIP8 1 Oto70°C 
W__ Hardware op ally 3 -—40to 125°C 
Write Control C CMOS F4 6 -40to85°C 
Tech. M sos 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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MICROELECTRONICS ST24x04C, ST25x04C 


SERIAL ACCESS CMOS 4K (512 x 8) EEPROMs 


= MINIMUM 71 MILLION ERASE/WRITE 
CYCLES with OVER 10 YEARS DATA 
RETENTION 


a SINGLE SUPPLY VOLTAGE: 
— 4.5V to 5.5V for ST24C04 version 
— 3V to 5.5V for ST24x04C versions 


— 2.5V to 5.5V for ST25C04, ST25x04C ver- 
sions 


= HARDWARE WRITE CONTROL VERSIONS: 
ST24W04C and ST25W04C 


= TWO WIRE SERIAL INTERFACE, FULLY I?C 
BUS COMPATIBLE 


= BYTE and MULTIBYTE WRITE (up to 4 
BYTES) 


= PAGE WRITE (up to 8 BYTES) 


a BYTE, RANDOM and SEQUENTIAL READ 
MODES 


8 SELF TIMED PROGRAMMING CYCLE 
# AUTOMATIC ADDRESS INCREMENTING 


8 ENHANCED ESD/LATCH UP 
PERFORMANCES for "C" VERSIONS 


PREFERRED DEVICES for NEW DESIGNS: 
ST24/25C04C and ST24/25W04C 


DESCRIPTION 


This specification covers a range of 4K bits I?C bus 
EEPROM products, the ST24/25C04, the 
ST24/25C04C and the ST24/25WO04C. In the text, 
products are referred to as ST24/25x04C, where 


Table 1. Signal Names 


C 
CC 


Serial Clock 


Multibyte/Page Write Mode 


S 

Ss 
Write Control (W version) 
Supply Voltage 


Vss Ground 


October 1993 


| 


PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 


E1-E2 204 st24c04 


ST2Z5C04 
Ble S124x04C 


Sci : STZ25x04C 
MODE /WC 


VA00851B 


Note: WC signal is only available for ST24/25W04C products. 
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Figure 2A. DIP Pin Connections 


S724 /25C04 
ST24/25x04C 


PRED 1 80 Vcc 
MODE /WC 


Storage Temperature 


TLEAD Lead Temperature, Soldering 


Vo Output Voltage 


(SO8 package) 
(PSDIP8 package) 


$T24/25C04 
$T24/25x04C 


Figure 2B. SO Pin Connections 


ST24/25C04 
ST24/25x04C 


VA01107 


grade 1 
grade 3 
grade 6 


—40 to 125 
—40 to 85 


215 ‘5 
—0.3 to Vcc +0.6 V 
—0.3 to 6.5 


40 sec 
10 sec 


ST24/25C04 
ST24/25x04C 


ST24/25C04 
ST24/25x04C 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 9). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 


DESCRIPTION (cont'd) 


"x" is: "C" for Standard version and "W" for hard- 
ware Write Control version. 


The S124/25x04C are 4K bit electrically erasable 
programmable memories (EEPROM), organized 
as 2 blocks of 256 x 8 bits. They are manufactured 
in SGS-THOMSON’s Hi-Endurance Advanced 
CMOS technology which guarantees an endur- 
ance of more than one million erase/write cycles 
with a data retention of over 10 years. The memo- 
ries operate with a power supply value as low as 


2.5V. Both Plastic Dual-in-Line and Plastic Small 
Outline packages are available. The memories are 
compatible with the I°C standard, two wire serial 
interface which uses a bi-directional data bus and 
serial clock. The memories carry a built-in 4 bit, 
unique device identification code (1010) corre- 
sponding to the I@C bus definition. This is used 
together with 2 chip enable inputs (E2, E1) so that 
up to 4 x 4K devices may be attached to the I°C 
bus and selected individually. The memories be- 
have as a slave device in the I?C protocol with all 
memory operations synchronized by the serial 
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Table 3. Device Select Code 


Device Code 


Note: The MSB b7 is sent first. 


Table 4. Operating Modes “) 


< 


Random Address Read 


eS Read 


x< 


x< 


Notes: 1. X = Vin or Vit 
2. Multibyte Write not available in ST24/25WO04C versions. 


a 
[devieselect | 1 | o | 1 | o | e | et | a | rw 


| Mode || RWit_ | = MODE | Bytes nial Sequence 
Current Address Read a ee i oe ee oe START, Device Select, RW = 


| 


a 
a a 
Paty wine ® |e | vw | «eta boven xbox a= 
Pragewic «| 0 | wu | | STAR Dovee soe v=” 


ik 
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; Block aay 


START, Device Select, RW = ‘0’, Address 


Table 5. Endurance and Data Retention Guarantees 


ST24C04, | ——-sT2aco4, sTascos 


clock. Read and write operations are initiated by a 
START condition generated by the bus master. The 
START condition is followed by a stream of 7 bits 
(identification code 1010), plus one read/write bit 
and terminated by an acknowledge bit. 


When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi- 
nated with a STOP condition. 


Device Endurance Data Retention 
E/W Cycles Years 


ST24C04C, ST25C04C 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 50ns 


Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 3. AC Testing Input Output Waveforms 


VA00825 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vcc 
to act as a pull up (see Figure 4). 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 


the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (See Figure 4). 


Chip Enable (E1 - E2). These chip enable inputs 
are used to Set the 2 least significant bits (b2, b3) 
of the 7 bit device select code. These inputs may 
be driven dynamically or tied to Vcc or Vss to 
establish the device select code. 


Protect Enable (PRE). The PRE input pin, in ad- 
dition to the status of the Block Address Pointer bit 
(b2, location 1FFh as in Figure 7), sets the PRE 
write protection active. 


Mode (MODE). The MODE inputis available on pin 
7 (see also WC feature) and may be driven dynam- 
ically. It must be at Vit or Vin for the Byte Write 
mode, Vin for Multibyte Write mode or Vit for Page 
Write mode. When unconnected, the MODE input 
is internally read as Vin (Multibyte Write mode). 


Write Control (WC). An hardware Write Control 
feature (WC) is offered only for ST24W04C and 
ST25W04C versions on pin 7. This feature is 
usefull to protect the contents of the memory from 
any erroneous erase/write cycle. The Write Control 
signal is used to enable (WC = Vix) or disable (WC 
= Vi_) the internal write protection. . The devices 
with this Write Control feature no longer support the 
Multibyte Write mode of operation, however all 
other write modes are fully supported. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control feature. 


Figure 4. Maximum Ri Value versus Bus Capacitance (Cpus) for an IC Bus 


Ce Teco 


R_ max (kQ) 


200 
Cpus (pF) 


Pia a A 


VA01100 
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Table 6. Capacitance ™) (Ta = 25 °C, f = 100 kHz) 


Note: 1. Sampled only, not 100% tested 


Table 7. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 3V to 5.5V or 2.5V to 5.5V) 


TestCondition | Min _| 
Input Leakage Current OV < Vin <$ Voc na +2 


Vcc = 5V, fo = 100kHz 
eee (Rise/Fall ime < 10ns) mrss 
Supply Current (ST25 series) Voc = 2.5V, fc = 100kHz Pf a ma 
Vin = Vss or Vee, 
lect Supply Current (Standby) 
Vin = Vss or Voc, 
Voc = 5V, fc = 100kHz 
Vin = Vss or Voc, 
Supply Current (Standby) Vec = 2.5V 
oo (ST25 series) 
Vin = Vss or Voc, 50 A 
Vec = 2.5V, fc = 100kKHz 


— Input Low Voltage (SCL, SDA 2 tate | 
| vw | Inputtigh votage isc, soay | | 07 Vow | Veo | 


Input Low Voltage 0.3 
(E1 - E2, PRE, MODE, WC) 
Input High Voltage 
= etatEa (E1 - E2, PRE, MODE, WC) mae KS 


V Output Low Voltage Low Voltage lo. = 3mA, Vec = 5V Pe ee fe we | 
OL 
Output Low Voltage (ST25 series) lo. = 2.1mMA, Vec = 2.5V SE 


V Power On Reset Threshold 
POR \ (ST25 series) 
(1) | Vec Range a Read Operations 
og ee ergs series 


| Voc Write | Write Vcc Range for Write | Veo Range for Write Operations _ | ccna ae ec 


Note: 1. At the time of publication of this data sheet, the statistical history, for the ST25x04C, was not yet sufficient to guarantee a 
Voc Read = 2V. For the lastest information contact your local SGS-THOMSON Sales Office. 
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Table 8. AC Characteristics 


(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 8V to 5.5V or 2.5V to 5.5V) 


Symbol 


tCH1CH2 
tcLicL2 


tsU.STA 


tsU:DAT 


tpxcx 


Notes: 1. For a reSTART condition, or following a write cycle. 


| ait | Parameter | Min 

| ta | ClockriseTime | 

| te | Olockratime | 
Tone | th |impuisetine SCS 

te | inputratime | T8000 |g 
toce | twon | GockPuisowianiign Sd 
| toc | twos | InputLowtoClockLow(START) | 
| tax | twoosr | ClockLowto Input Transition | 
Input Transition to Clock Transition 
| toon | tsvsro | Clock Hightoimputigh (stop) |? || 
| tow. | tour | inputHigh to input Low (Bus Free) | a7 | | 
[tee | ton | Crock Lowto Data outTenstion ————+(| oo || ns 
| te | te | Clock Frequency | ft 


Noise Suppression Time Constant 
(SCL & SDA Inputs) 100 


SC 


2. In the Multibyte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (6 address MSB are not constant) the 


maximum programming time is doubled to 20ms. 


DEVICE OPERATION 
I?C Bus Background 


The ST24/25x04C support the I?C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST24/25x04C are always slave 
devices in all communications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25x04C 
continuously monitor the SDA and SCL signals for 


6/13 ky SGS-TH 


a START condition and will not respond unless one 
is given. 

Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24/25x04C 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 


OMSON 


MICROELECTRONICS 
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Figure 5. AC Waveforms 


SDA OUT 


tCHDX 


_——— 


' START ! 
CONDITION 


' STOP ' 
CONDITION 
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tCLDX 


' SDA ' SDA | 
INPUT CHANGE 


‘#— DATA OUTPUT —> 


WRITE CYCLE 


i] 
1 


ky7 SGS-THOMSON 


BUS FREE 


START 
CONDITION 


VA00795 
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DEVICE OPERATION (cont'd) 


Data Input. During data input the ST24/25x04C 
sample the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera- 
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 


Memory Addressing. To start communication be- 
tween the bus master and the slave ST24/25x04C, 
the master must initiate a START condition. Follow- 
ing this, the master sends onto the SDA bus line 8 
bits (MSB first) corresponding to the device select 
code (7 bits) and a READ or WRITE bit. 


The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
I?C bus definition. For these memories the 4 bits 
are fixed as 71010b. The following 2 bits identify the 
specific memory on the bus. They are matched to 
the chip enable signals E2, E1. Thus up to 4 x 4K 
memories can be connected on the same bus 


Figure 6. I?C Bus Protocol 


START 
CONDITION 


SDA 


CONDITION 


1 Z 5 


8/13 
418 


‘ST 


SDA 
INPUT CHANGE 


SGS-THOM 
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giving a memory capacity total of 16K bits. After a 
START condition any memory on the bus will iden- 
tify the device code and compare the following 2 
bits to its chip enable inputs E2, E71. 


The 7th bit sent is the block number (one block = 
256 bytes). The 8th bit sent is the read or write bit 
(RW), this bit is set to 1’ for read and ’0’ for write 
operations. If a match is found, the corresponding 
memory will acknowledge the identification on the 
SDA bus during the 9th bit time. 


Write Operations 


The Multibyte Write mode (only available on the 
$7T24/25C04 and ST24/25C04C versions) is se- 
lected when the MODE pin is at Vin and the Page 
Write mode when MODE pin is at Vic. The MODE 
pin may be driven dynamically with CMOS input 
levels. 


Following a START condition the master sends a 
device select code with the RW bit reset to ’0’. The 
memory acknowledges this and waits for a byte 


CONDITION 


7 8 9 


lg p! 


STOP 
CONDITION 


VAQ0792 


SON 


Figure 7. Memory Protection 


Protect Location 


8 byte 
boundary 
_ address 


Protect Flag 
Enable = O 
Disable 


‘b7 b3 ib? 


Block 1 


‘ Block O 


VA00855B 


address. The byte address of 8 bits provides ac- 
cess to one block of 256 bytes of the memory. After 
receipt of the byte address the device again re- 
sponds with an acknowledge. 


For the ST24/25W04C versions, any write com- 
mand with WC = 1 will not modify the memory 
content. 


Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 
is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either Vin 
or Vi, to minimize the stand-by current. 


Multibyte Write. For the Multibyte Write mode, the 
MODE pin must be at Vin. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the mem- 
ory. The transfer is terminated by the master gen- 
erating a STOP condition. The duration of the write 
cycle is tw = 10ms maximum except when bytes 
are accessed on 2 rows (that is have different 
values for the 6 most significant address bits A7- 
A2), the programming time is then doubled to a 
maximum of 20ms. Writing more than 4 bytes inthe 
Multibyte Write mode may modify data bytes in an 
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adjacent row (one row is 8 bytes long). However, 
the Multibyte Write can properly write up to 8 
consecutive bytes as soon as the first address of 
these 8 bytes is the first address of the row, the 7 
following bytes being written in the 7 following bytes 
of this same row. 


Page Write. For the Page Write mode, the MODE 
pin must be at Vi_. The Page Write mode allows up 
to 8 bytes to be written in a single write cycle, 
provided that they are all located in the same ‘row’ 
in the memory: that is the 5 most significant mem- 
ory address bits (A7-A3) are the same inside one 
block. The master sends from one up to 8 bytes of 
data, which are each acknowledged by the mem- 
ory. After each byte is transfered, the internal byte 
address counter (3 least significant bits only) is 
incremented. The transfer is terminated by the 
master generating a STOP condition. Care must be 
taken to avoid address counter ’roll-over’ which 
could result in data being overwritten. Note that, for 
any write mode, the generation by the master of the 
STOP condition starts the internal memory pro- 
gram cycle. Allinputs are disabled until the comple- 
tion of this cycle and the memory will not respond 
to any request. 


Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon- 
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 
shorter, the time seen by the system may be re- 
duced by an ACK polling sequence issued by the 
master. The sequence is as follows: 


— Initial condition: a Write is in progress (see Figure 
8). 

— Step 1: the Master issues a START condition 
followed by a Device Select byte (1st byte of the 
new instruction). 


— Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will re- 
spond with an ACK, indicating that the memory 
is ready to receive the second part of the next 
instruction (the first byte of this instruction was 
already sent during Step 1). 


Write Protection. Data in the upper block of 256 
bytes of the memory may be write protected. The 
memory is write protected between a boundary 
address and the top of memory (address 1FFh) 
when the PRE input pin is taken high and when the 
Protect Flag (bit b2 in location 1FFh) is set to ’0’. 
The boundary address is user defined by writing a 
value in the Block Address Pointer (location 1FFh). 


This Block Address Pointer defines an 8 bit address 
composed of the 5 MSBs of location 1FFh and 3 
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DEVICE OPERATION (cont'd) 


LSBs which are read as ’0’. This address pointer 

can therefore address a boundary in steps of 8 

bytes. 

The sequence to follow to use the Write Protected 

feature is: 

— write the data to be protected into the top of the 
memory, up to, but not including, location 1FFh; 

— set the protection by writing the correct bottom 
boundary address, into location 1FFh, with bit 
b2 (Protect flag) set to ’0’. 


Figure 8. Write Cycle Polling using ACK 


WRITE Cycle 
in Progress 
START Condition 


DEVICE SELECT 
with RW = O 


ACK 
Returned 
YES 


The area will now be protected when the PRE input 
is taken High. 


Caution: Special attention must be used when 
using the protect mode together with the Multibyte 
Write mode (MODE input pin High). If the Multibyte 
Write starts at the location right below the first byte 
of the Write Protected area, then the instruction will 
write over the first 3 bytes of the Write Protected 
area. The area protected is therefore smaller than 
the content defined in the location 1FFh, by 3 bytes. 
This does not apply to the Page Write mode as the 
address counter ‘roll-over’ and thus cannot go 
above the 8 bytes lower boundary of the protected 
area. 


Operation is 
RANDOM ADDRESS 
READ or WRITE 


Proceed 
Next Instruction 
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Figure 9. Write Modes Sequence (ST24/25C04, ST24/25C04C) 


ACK ACK ACK 


i EE | oR] 


START STOP 


ACK ACK ACK 
MULTIBYTE 


r} a"r™ 
AND a DEV SEL | BYTE ADDR | DATA IN 4 | DATA IN 2 
PAGE WRITE | we 


RW 
ACK 


Per 


STOP VA00793 


ACK ACK ACK 


& DEV SEL BYTE ADDR DATA IN ia 
RW. 


START STOP 


ACK ACK ACK 


3°r™ 
PAGE WRITE i DEV SEL BYTE ADDR DATA IN 1 DATA IN 2, 
RW 


START 


WC 
(cont'd) 


ACK ACK 


PAGE WRITE “T 
! DATA IN N a 
(cont'd) od 


STOP VA01101 
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Read Operations 


Read operations are independent of the state of the 
MODE pin. On delivery, the memory content is set 
at all "1’s" (or FFh). 


Current Address Read. The memory has an inter- 
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad- 
dress Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to ’1’. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out- 
put, but terminates the transfer with a STOP con- 
dition. 


Random Address Read. A dummy write is per- 
formed to load the address into the address 
counter, see Figure 11. This is followed by another 
START condition from the master and the byte 
address is repeated with the RW bit set to 1’. The 
memory acknowledges this and outputs the byte 
addressed. The master does NOT acknowledge 


Figure 11. Read Modes Sequence 


AC 
Abeeee DEV SEL. | 
ADDRESS | [DEV SEL 


READ START RW 


ACK 


RANDOM 
ADDRESS 


READ START RW 


ACK 
pete | DEV SEL 
CURRENT DEV pet | 


READ 


SEQUENTIAL 
RANDOM 
READ i 


NO ACK 


“| 


STOP 


the byte output, but terminates the transfer with a 
STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se- 
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automati- 
cally incremented after each byte output. After a 
count of the last memory address, the address 
counter will ’roll- over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24/25x04C wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25x04C termi- 
nate the data transfer and switches to a standby 
state. 


NO ACK 


eer TD 


ACK NO ACK 


ey SE], Cave |] eS i 


| 
Le 
START RW STOP 


A NO ACK 


DATA OUT 1 


ACK ACK ACK 


DEV <SEL | BYTE ADDR i DEV. SEL DATA OUT 1 
W 


| 
le 
RW 
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ORDERING INFORMATION SCHEME 


Example: ST24C04C M 1 TR 
Operating Voltage 
24 38Vto5.5V 013TR Tape & Reel 
25 2.5V to 5.5V Packing 
TR Tape & Reel 
Packing 
(for Revision 
C Version) 
Temperature Range 
C Standard blank CMOS F3 B  PSDIP8 1 0 to 70°C 
W_ Hardware Tech: ee 3 -40t0 125°C 
Write Control C CMOS F4 6 -401085°C 
Tech. M S08 a 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact S@S-THOMSON Sales Office nearest 
to you. 
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(MICROELECTROMIGS ST24x08C, ST25x08C 


SERIAL ACCESS CMOS 8K (1024 x 8) EEPROMs 


= MINIMUM 1 MILLION ERASE/WRITE 
CYCLES with OVER 10 YEARS DATA 
RETENTION 


=» SINGLE SUPPLY VOLTAGE: 
— 4.5V to 5.5V for ST24C08 version 
— 3V to 5.5V for ST24x08C versions 


— 2.5V to 5.5V for ST25C08, ST25x08C ver- 
sions 


=» HARDWARE WRITE CONTROL VERSIONS: 
ST24W08C and ST25W08C 


= TWO WIRE SERIAL INTERFACE, FULLY I?C 
BUS COMPATIBLE 


# BYTE and MULTIBYTE WRITE (up to 8 
BYTES) 


a PAGE WRITE (up to 16 BYTES) 


# BYTE, RANDOM and SEQUENTIAL READ 
MODES 


= SELF TIMED PROGRAMMING CYCLE 
» AUTOMATIC ADDRESS INCREMENTING 


=» ENHANCED ESD/LATCH UP 
PERFORMANCES for "C" VERSIONS 


=» PREFERRED DEVICES for NEW DESIGN: 
$T24/25C08C and ST24/25W08C 


DESCRIPTION 


This specification covers a range of 8K bits |27C bus 
EEPROM products, the ST24/25C08, the 
ST24/25CO8C and the ST24/25WO8C. In the text, 


Table 1. Signal Names 


; PRE Write Protect Enable 
! Ee | Chip Enable Input 
-Sok__ Set a tos np vont Serial Data Address Input/Output 


| SerialClock = sid Clock 


i Write Mode 
(C version) 
wos Write Control (W version) 


Supply Voltage 
Ground 
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1 


PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 


ST24C08 
ST295C08 
ST24x08C 
ST25x08C 


k 
MODE /WC 


VA008608 


Note: WC signal is only available for ST24/25WO8C products. 
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Figure 2A. DIP Pin Connections 


S724 /25C08 
S724 /25x08C 
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Warning: NC = No Connection 


Table 2. Absolute Maximum Ratings 


Parameter 


Ambient Operating Temperature 


Storage Temperature 


Lead Temperature, Soldering 


Output Voltage 


(SO8 package) 
(PSDIP8 package) 


ST24/25C08 
$T24/25x08C 


Input Voltage —0.3 to 6.5 


Figure 2B. SO Pin Connections 


ST24/25C08 
S124729xK08C 


PRE 8 
7 MODE /WC 


VA01073 


grade 1 
grade 3 
grade 6 


—40 to 125 
—40 to 85 


-65 t0 150 
215 4 
—0.3 to Vcc +0.6 V 
-—0.3 to 6.5 
V 


40 sec 
10 sec 


Supply Voltage —0.3 t0 6.5 


Electrostatic Discharge Voltage (Human Body model) © 
VESD 
Electrostatic Discharge Voltage (Machine model) ® 


ST24/25C08 
ST24/25x08C 


ST24/25C08 
$T24/25x08C 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification ts not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2 MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3 EIAJ IC-121 (Condition C) (200pF, 0). 


DESCRIPTION (cont'd) 


products are referred to as ST24/25x08C, where 
"x" is: "C" for Standard version and "W" for Hard- 
ware Write Control version. 


The S1T24/25x08C are 8K bit electrically erasable 
programmable memories (EEPROM), organized 
as 4 blocks of 256 x 8 bits. They are manufactured 
in SGS-THOMSON’s Hi-Endurance Advanced 
CMOS technology which guarantees an endur- 
ance of more than one million erase/write cycles 
with a data retention of over 10 years. The memo- 


ries operate with a power supply value as low as 
2.5V. Both Plastic Dual-in-Line and Plastic Small 
Outline packages are available. 


The memories are compatible with the I°C stan- 
dard, two wire serial interface which uses a bi-di- 
rectional data bus and serial clock. The memories 
carry a built-in 4 bit, unique device identification 
code (1010) corresponding to the I?C bus defini- 
tion. This is used together with 1 chip enable input 
(E) so that up to 2 x 8K devices may be attached 
to the I°C bus and selected individually. The mem- 
ories behave as a slave device in the I°C protocol 
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Table 3. Device Select Code 


Device Code 


$T24/25C08, ST24/25x08C 


Chip Block rr 


ee 
a 


Note: The MSB b7 is sent first. 


Table 4. Operating Modes ") 


Byte Write 


Multibyte Write 
Page Write 


Notes: 1. X = Vin or Vit 
2. Multibyte Write not available in ST24/25WO8C versions. 


Initial Sequence 


START, Device Select, RW ='1’ 


Table 5. Endurance and Data Retention Guarantees 


with all memory operations synchronized by the 
serial clock. Read and write operations are initiated 
by aSTART condition generated by the bus master. 
The START condition is followed by a stream of 7 
bits (identification code 1010), plus one read/write 
bit and terminated by an acknowledge bit. 


When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the Sth bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi- 
nated with a STOP condition. 


Device Endurance Data Retention 
E/W Cycles Years 
ST24C08C, ST25CO08C 
ST24WO8C, ST25WO8C 1,000,000 


0 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active, ali operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 50ns 


Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 3. AC Testing Input Output Waveforms 


VA00825 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 


resistor can be connected from the SCL line to Vcc 


to act as a pull up (see Figure 4). 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 


the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (see Figure 4). 


Chip Enable (E). This chip enable input is used to 
set one least significant bit (b3) of the device select 
byte code. This input may be driven dynamically or 
tied to Vcc or Vss to establish the device select 
code. 


Protect Enable (PRE). The PRE input pin, in ad- 
dition to the status of the Block Address Pointer bit 
(b2, location 3FFh as in Figure 7), sets the PRE 
write protection active. 


Mode (MODE). The MODE inputis available on pin 
7 (see also WC feature) and may be driven dynam- 
ically. It must be at Vit or Vin for the Byte Write 
mode, Vin for Multibyte Write mode or Vit for Page 
Write mode. When unconnected, the MODE input 
is internally read as a Vin (Multibyte Write mode). 


Write Control (WC). An hardware Write Control 
(WC) feature is offered only for ST24W08C and 
ST25WO8C versions on pin 7. This feature is 
usefull to protect the contents of the memory from 
any erroneous erase/write cycle. The Write Control 
signal is used to enable (WC = Vin) or disable (WC 
= Vi_) the internal write protection. When uncon- 
nected the WC input is internally read as ViL. The 
devices with this Write Control feature no longer 
support the Multibyte Write mode of operation, 
however all other write modes are fully supported. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control feature. 


Figure 4. Maximum RL Value versus Bus Capacitance (Csus) for an IC Bus 


pA | | Pt | 
ude ed 


Ry max (kQ) 


200 
Cpus (pF) 


NE al ead 


VA01100 
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Table 6. Capacitance “) (Ta = 25 °C, f = 100 kHz) 


ee 
— ain ee 
a 

ee 


Note: 1. Sampled only, not 100% tested 


Table 7. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 3V to 5.5V or 2.5V to 5.5V) 


Symi Test Condition pe 
ti ol Input Leakage Current OV < Vin $ Voc | | we | on 


OV < Vout < Vcc 
Vec = 5V, fe = 100kHz 
| Supply Current (ST25 series) _| Current (ST25 series) Voc = 2.5V, fc = 100kHz 
5V 
lect Supply Current (Standby) sete 
Vin = Vss or Vcc, 
Voc = 5V, fo = 100kHz 
Vin = Vss or Vcc, 5 uA 
Supply Current (Standby) Vcc = 2.5V 
eve (ST25 series) 
Vin = Vss or Vcc, 50 A 
Vec = 2.5V, fc = 100kHz H 


Input Low Voltage__ 
(E, PRE, MODE, WC) a ee 
Input High Voltage__ 
pve (E, PRE, MODE, WC) bo a a Ee 
V | Output Low Voltage Low Voltage lo. = 3mA, Vcc = 5V [oe | 
OL 
Output Low Voltage (ST25 series) lo. = 2.1mMA, Vcc = 2.5V Se 


(1) Power On Reset Threshold 

(ST25 series) 1.5 2.4 V 
qi) | Vec Range for Read Operations 

Cy eee series) 


| Voc Write _| Write Voc | Vec Range for Write Operations | for Write Operations oral ee 


Note: 1. At the time of publication of this data sheet, the statistical history, ecasiteteeemiaes the ST25x08C, was not yet sufficient to guarantee a 
Vcc Read = 2V. For the lastest information contact your local SGS-THOMSON Sales Office. 
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Table 8. AC Characteristics 


(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 3V to 5.5V or 2.5V to 5.5V) 


Symbol 


tCHCL tHIGH 


tCHDH 


tsu sTo 


T 
tw Write Time 


Notes: 1. For a reSTART condition, or following a write cycle. 


re 
. 
ast | GeckPuse with tigh 


tcLav ae Clock Low to Data Out Valid 


Noise Suppression Time Constant 
(SCL & SDA Inputs) 


Min 
Co 
ar 
pee 
finputraime 800 
| 47 | 
a 
== 
=e 
poe! 


2. In the Multibyte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (6 address MSB are not constant) the 


maximum programming time is doubled to 20ms. 


DEVICE OPERATION 
I?C Bus Background 


The ST24/25x08C support the I°C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST24/25x08C are always slave 
devices in all communications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25x08C 
continuously monitor the SDA and SCL signals for 


a START condition and will not respond unless one 
is given. 

Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24/25x08C 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 
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Figure 5. AC Waveforms 
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DEVICE OPERATION (cont'd) 


Data Input. During data input the ST24/25x08C 
sample the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera- 
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 


Memory Addressing. To start communication be- 
tween the bus master and the slave ST24/25x08C, 
the master must initiate a START condition. Follow- 
ing this, the master sends onto the SDA bus line 8 
bits (MSB first) corresponding to the device select 
code (7 bits) and a READ or WRITE bit. 


The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
l2C bus definition. For these memories the 4 bits 
are fixed as 1010b. The following bit identifies the 
specific memory on the bus. It is matched to the 
chip enable signal E. Thus up to 2 x 8K memories 
can be connected on the same bus giving a mem- 


Figure 6. 1?C Bus Protocol 


START SDA SDA 
CONDITION 


CONDITION 


INPUT CHANGE 


ory capacity total of 16K bits. After a START condi- 
tion any memory on the bus will identify the device 
code and compare the following bit to its chip 
enable input E. 


The 6th and 7th bits sent, select the block number 
(one block = 256 bytes). The 8th bit sent is the read 
or write bit (RW), this bit is set to °1’ for read and ’0’ 
for write operations. If a match is found, the corre- 
sponding memory will acknowledge the identifica- 
tion on the SDA bus during the 9th bit time. 


Write Operations 


The Multibyte Write mode (only available on the 
ST24/25C08 and ST24/25CO8C versions) is se- 
lected when the MODE pin is at Vin and the Page 
Write mode when MODE pin is at ViL. The MODE 
pin may be driven dynamically with CMOS input 
levels. 


Following a START condition the master sends a 
device select code with the RW bit reset to ’0’. The 
memory acknowledges this and waits for a byte 


SOF 
CONDITION 


CONDITION 
VA00792 
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Figure 7. Memory Protection 


Protect Location 


8 byte 
boundary 
_ address 


Protect Flag 
Enable = O 
Disable = 1. 


'b7 b3'b2 a 


‘ Block O 


VA01121 


address. The byte address of 8 bits provides ac- 
cess to one block of 256 bytes of the memory. After 
receipt of the byte address the device again re- 
sponds with an acknowledge. 


For the ST24/25WO08C versions, any write com- 
mand with WC = 1 will not modify the memory 
content. 


Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 
is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either Vin 
or ViL, to minimize the standby current. 


Multibyte Write. For the Multibyte Write mode, the 
MODE pin must be at Vin. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 8 bytes 
of data, which are each acknowledged by the mem- 
ory. The transfer is terminated by the master gen- 
erating a STOP condition. The duration of the write 
cycle is tw = 10ms maximum except when bytes 
are accessed on 2 rows (that is have different 
values for the 5 most significant address bits A7- 
A3), the programming time is then doubled to a 
maximum of 20ms. Writing more than 8 bytesinthe 
Multibyte Write mode may modify data bytes in an 
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adjacent row (one row is 16 bytes long). However, 
the Multibyte Write can properly write up to 16 
consecutive bytes only if the first address of these 
16 bytes is the first address of the row, the 15 
following bytes being written in the 15 following 
bytes of this same row. 


Page Write. For the Page Write mode the MODE 
pin must be at Vi_. The Page Write mode allows 
up to 16 bytes to be written in a single write cycle, 
provided that they are all located in the same ’row’ 
in the memory: that is the 4 most significant mem- 
ory address bits (A7-A4) are the same inside one 
block. The master sends from one up to 16 bytes 
of data, which are each acknowledged by the mem- 
ory. After each byte is transfered, the internal byte 
address counter (4 least significant bits only) is 
incremented. The transfer is terminated by the 
master generating a STOP condition. Care must be 
taken to avoid address counter ’roll-over’ which 
could result in data being overwritten. Note that, for 
any write mode, the generation by the master of the 
STOP condition starts the internal memory pro- 
gram cycle. All inputs are disabled until the comple- 
tion of this cycle and the memory will not respond 
to any request. 


Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon- 
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 
shorter, the time seen by the system may be re- 
duced by an ACK polling sequence issued by the 
masier. The sequence is as follows: 


— Initial condition: a Write is in progress (See Figure 
8). 

— Step 1: the Master issues a START condition 
followed by a Device Select byte (1st byte of the 
new instruction). 


— Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will respond 
with an ACK, indicating that the memory is ready 
to receive the second part of the next instruction 
(the first byte-of this instruction was already sent 
during Step 1). 


Write Protection. Data in the upper block of 256 
bytes of the memory may be write protected. The 
memory is write protected between a boundary 
address and the top of memory (address 3FFh) 
when the PRE input pin is taken high and when the 
Protect Flag (bit b2 in location S3FFh) is set to ’0’. 
The boundary address is user defined by writing a 
value in the Block Address Pointer (location 3FFh). 


This Block Address Pointer defines an 8 bit address 
composed of the 5 MSBs of location 3FFh and 3 
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DEVICE OPERATION (cont'd) 


LSBs which are read as '0’. This address pointer 

can therefore address a boundary in steps of 8 

bytes. 

The sequence to follow to use the Write Protected 

feature is: 

— write the data to be protected into the top of the 
memory, up to, but not including, location 3FFh; 

— set the protection by writing the correct bottom 
boundary address, into location 3FFh, with bit 
b2 (Protect flag) set to ’0’. 


Figure 8. Write Cycle Polling using ACK 


WRITE Cycle 
in Progress 
START Condition 


DEVICE SELECT 
with RW = 0 


ACK 
Returned 
YES 


The area will now be protected when the PRE input 
is taken High. 


Caution: Special attention must be used when 
using the protect mode together with the Multibyte 
Write mode (MODE input pin High). If the Multibyte 
Write starts at the location right below the first byte 
of the Write Protected area, then the instruction will 
write over the first 7 bytes of the Write Protected 
area. The area protected is therefore smaller than 
the content defined in the location 3FFh, by 7 bytes. 
This does not apply to the Page Write mode as the 
address counter ’roll-over’ and thus cannot go 
above the 16 bytes lower boundary of the protected 
area. 


Operation is 


RANDOM ADDRESS 
READ or WRITE 


Proceed 
Next Instruction 


ISSUE the 
Second Part of 
the Instruction 


VA01099 
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Figure 9. Write Modes Sequence (ST24/25C08, ST24/25C08C) 


ACK ACK ACK 


a DEV SEL BYTE ADDR DATA IN ii 


START RW SOP 


-r- 


ACK ACK ACK 
MULTIBYTE | 
2 


AND DEV SEL BYTE ADDR DATA IN 1 DATA IN 


- 
PAGE WRITE = a 
START RW 


ACK ACK 


~T 
; DATA IN N fF 


Le 
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Figure 10. Write Modes Sequence with Write Control = 1 (ST24/25W08C) 


ACK ACK NO ACK 


O Ceey 8 eve bor | pra | 


START RW Sor 


ACK ACK NO ACK 


1°r 
PAGE WRITE a DEV SEL | BYTE ADDR | DATA IN 1 | DATA IN en 


START RW 


WC 
(cont'd) 


NO ACK NO ACK 
PAGE WRITE T 
; | DATA IN _N | fl 
(cont'd) i 


STOP VAQ1161 
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Read Operations 


Read operations are independent of the state of the 
MODE pin. On delivery, the memory content is set 
at all "1’s" (or FFh). 


Current Address Read. The memory has an inter- 
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad- 
dress Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to 1’. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out- 
put, but terminates the transfer with a STOP con- 
dition. 


Random Address Read. A dummy write is per- 
formed to load the address into the address counter 
(see Figure 11). This is followed by another START 
condition from the master and the byte address is 
repeated with the RW bit set to ’1’. The memory 
acknowledges this and outputs the byte ad- 
dressed. The master does NOT acknowledge the 


Figure 11. Read Modes Sequence 
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ADDRESS 
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SEQUENTIAL 
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NO ACK 
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byte output, but terminates the transfer with a 
STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se- 
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automati- 
cally incremented after each byte output. Aftera 
count of the last memory address, the address 
counter will roll-over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24/25x08C wait for an acknowledge during 
the Qth bit time. If the master does not pull the SDA 
line low during this time, the ST24/25x08C termi- 
nate the data transfer and switches to a standby 
state. 


NO ACK 


DEV SEL | DATA OUT z 


ACK NO ACK 


ae], Care| : 


| 
E 
START RW 


STOP 


ACK NO ACK 


DATA OUT N Hi 


ACK ACK 


ACK 
| 
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| 
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ORDERING INFORMATION SCHEME 


Example: ST24C08C M 1 TR 
Operating Voltage 
24 «3V to 5.5V TR Tape & Reel 
Packing (for 
25 2.5V to 5.5V Revision C 
Version) 
Temperature Range 
C Standard blank CMOS F3 B PSDIP8 1 Oto70°C 
W Hardware Sauk PUNTA 33; (24g tg425 °C 
Write Control C ae F4 M S08 6 -40t085°C 


Note: 1. At the time of publication of this document the "W" type was not available for the lastest information. 
Please contact your local SGS-THOMSON sales office. 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, eic...) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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MICROELECTRONICS 


SERIAL ACCESS CMOS 16K (2048 x 8) EEPROMs 


= MINIMUM 1 MILLION ERASE/WRITE CY- 
CLES, with OVER 10 YEARS DATA RETEN- 
TION 


=» SINGLE SUPPLY VOLTAGE: 
— 3V to 5.5V for ST24x16 versions 
— 2.5V to 5.5V for ST25x16 versions 


=» HARDWARE WRITE CONTROL VERSIONS: 
ST24W16 and ST25W16 


= TWO WIRE SERIAL INTERFACE, FULLY I@C 
BUS COMPATIBLE 


=» BYTE and MULTIBYTE WRITE (up to 8 
BYTES) 


=» PAGE WRITE (up to 16 BYTES) 


» BYTE, RANDOM and SEQUENTIAL READ 
MODES 


=» SELF TIMED PROGRAMING CYCLE 
» AUTOMATIC ADDRESS INCREMENTING 


=» ENHANCED ESD/LATCH UP PERFORM- 
ANCES 


DESCRIPTION 


This specification covers a range of 16K bits I@C 
bus EEPROM products, the ST24/25C16 and the 
ST24/25W16. In the text, products are referred to 
as ST24/25x16 where "x" is: "C" for Standard ver- 
sion and "W" for hardware Write Control version. 


The ST24/25x16 are 16K bit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 256 x 8 bits. These are manufactured 


Table 1. Signal Names 


[PRE | Write ProtectEnable 


Multybyte/Page Write Mode 
(C version) 
Write Control (W version) 


Vec Supply Voltage 


Ground 


October 1993 


PSDIP8 (B) 
0.25mm Frame 


S014 (ML) 


Figure 1. Logic Diagram 


PBO—PB1 
ST24x16 
PRE ST25x16 


SCL 
MODE /WG* 


VA00866B 


Note: WC signal is only available for ST24/25W16 products. 
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Figure 2A. DIP Pin Connections 
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Figure 2C. SO8 Pin Connections 
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DESCRIPTION (cont'd) 


in SGS-THOMSON’s Hi-Endurance Advanced 
CMOS technology which guarantees an endur- 
ance of more than one million erase/write cycles 
with a data retention of over 10 years. The ST25x16 
operates with a power supply value as low as 2.5V. 
Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 


Figure 2B. SO14 Pin Connections 
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Warning: NC = No Connection 


The memories are compatible with the I?C stand- 
ard, two wire serial interface which uses a bi-direc- 
tional data bus and serial clock. The memories 
carry a built-in 4 bit, unique device identification 
code (1010) corresponding to the I@C bus defini- 
tion. The memories behave as slave devices in the 
l°C protocol with all memory operations synchro- 
nized by the serial clock. Read and write operations 
are initiated bya START condition generated by the 
bus master. The START condition is followed by a 
stream of 4 bits (identification code 1010), 3 block 
select bits, plus one read/write bit and terminated 
by an acknowledge bit. When writing data to the 
memory it responds to the 8 bits received by as- 
serting an acknowledge bit during the 9th bit time. 
When data is read by the bus master, it acknow- 
ledges the receipt of the data bytes in the same 
way. Data transfers are terminated with a STOP 
condition. 


Data in the 4 upper blocks of the memory may be 
write protected. The protected area is programma- 
ble to start on any 16 byte boundary. The block in 
which the protection starts is selected by the input 
pins PBO, PB1. Protection is enabled by setting a 
Protect Flag bit when the PRE input pin is driven 
High. 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Untill the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active: all operations are disabled 
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Table 2. Absolute Maximum Ratings “ 


Ta 


Ambient Operating Temperature grade 1 0 to 70 
grade 3 —40 to 125 
grade 6 —40 to 85 


Storage Temperature —65 to 150 
TLEAD Lead Temperature, Soldering (SO8 and SO14) 40 sec 215 °C 
(PSDIP8) 10 sec 260 


io Electrostatic Discharge Voltage (Human Body model) 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated tn the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 
other relevant quality documents. 

2. 100pF through 15002; MIL-STD-883C, 3015.7 
3. 200pF through 0Q; EIAJ IC-121 (condition C) 


Electrostatic Discharge Voltage (Machine model) (3) 


Table 3. Device Select Code 


Device Select 1 


Note: The MSB b7 is sent first. 


Device Code 


Table 4. Operating Modes 


‘itive wie 
Traseviie «de 


Note: X = Vin or Vit. 


Table 5. Endurance and Data Retention Guarantees 


ST24C16, ST25C16 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 50ns 


Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 3. AC Testing Input Output Waveforms 
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DESCRIPTION (cont'd) 


and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 


SIGNALS DESCRIPTION 


Serial Clock (SCL). The SCL input signal is used 
to synchronise all data in and out of the memory. A 
resistor can be connected from the SCL line to Vcc 
to act as a pull up (see Figure 4). 


Serial Data (SDA). The SDA signal is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (see Figure 4). 


Protected Block Select (PB0, PB1). PBO and PB1 
input signals select the block in the upper part of 
the memory where write protection starts. These 
inputs have a CMOS compatible input level. 


Protect Enable (PRE). The PRE input signal, in 
addition to the status of the Block Address Pointer 
bit (b2, location 7FFh as in Figure 7), sets the PRE 
write protection active. 


Mode (MODE). The MODE input is available on pin 
7 (see also WC feature) and may be driven dynami- 
cally. It must be at Vit or Vin for the Byte Write 
mode, Vin for Multibyte Write mode or Vi for Page 
Write mode. When unconnected, the MODE input 
is internally read as Vin (Multibyte Write mode). 


Figure 4. Maximum RL Value versus Bus Capacitance (Ceus) for an I?C Bus 


Ry max (k0) 


200 300 
Cpus (pF) 
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Table 6. Capacitance ™ (Ta = 25 °C, f = 100 kHz ) 


[~symoot [Parameter ‘| Test Conaion [win [wax | unt 
soe a 
Ten | wpe Capers (erp | Sid |r 
aes |WCinputnpedance dss | 8 | 
[zner [WCrnutmpedance ~~~ vn a7ve3 | ao || a 


Note: 1. Sampled only, not 100% tested. 


Table 7. DC Characteristics 
(Ta =0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 8V to 5.5V or 2.5V to 5.5V) 


Voc = 5V, fe = 100kHz 
loc ——— ae she ee ess) te 
} Supply Current (ST25 series) | Current (ST25 series) Voc = 2.5V, fo = 100kHz 
Vin = Vss or Voc, 
Santee [pe Len 
Icc1 Supply Current (Standby) 
Vin = Vss or Vcc, 
Vin = Vss or Vcc, 5 uA 
Supply Current (Standby) Voc = 2.5V 
Oe (ST25 series) 
Vin = Vss or Voc, A 
Voc = 2.5V, fo = 100kHz H 


Input Low Voltage 0.3 
Vib (PBO - PB1, PRE, MODE, WC) 
eae Cosy Voltage 
ei | Output Low Voltage Low Voltage lo. = 38mA, Vcc = 5V —— 
Output Low Voltage (ST25 series) lo. = 2.1MA, Vcc = 2.5V estimanieren | __}_at 


V Power On Reset Threshold 
POR (ST25 series) 
(1) | Voc Range for Read Operations 
gg series) 
| Voc Write _| Write | Vcc Range for Write | Veo Range for Write Operations _| aaa ic eo 


Note: 1. At the time of publication of this data sheet, the statistical history, for the ST25x16, was not yet sufficlent to guarantee a 
Vcc Read = 2V. For the lastest information contact your local SGS-THOMSON Sales Ottice, 
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Table 8. AC Characteristics 


(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 8V to 5.5V or 2.5V to 5.5V) 


tcLicl2 


t 
t 
t 


t 
t 


R 

F 

R 

F 
H 
| 


Notes: 1. For a reSTART condition, or following a write cycle. 


pat | Parameter 
| tomowe | tm | Clock iseime 
Pe inputRisome 
Tteuos | + [imtrertme CS 
3 
Noise Suppression Time Constant 
(SCL & SDA Inputs) 


fF 


; 
i?) 


aay 
NJ 


ff 
~ 


& 
“J 
(ee) 
oO 
: 
” 


4.7 
4 
4 

250 
00 


oO 

ie) 
: ; 
ee) 


) 


2. In the Multibyte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (5 address MSB are not constant) 


the maximum programming time is doubled to 20ms. 


SIGNAL DESCRIPTIONS (cont'd) 


Write Control (WC). An hardware Write Control! 
feature is offered only for ST24W16 and ST25W16 
versions on pin 7. This feature is usefull to protect 
the contents of the memory from any erroneous 
erase/write cycle. The Write Control signal is used 
to enable (WC at Vin) or disable (WC at Vi.) the 
internal write protection. When unconnected, the 
WC input is internally read as Vi_. The devices with 
this Write Control feature no loriger supports the 
Multibyte Write mode of operation, however all 
other write modes are fully supported. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control feature. 


DEVICE OPERATION 
IC Bus Background 


The ST24/25x16 support the I°C protocol. This 
protocol defines any device that sends data onto 


the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST24/25x16 are always slave 
devices in all communications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25x16 con- 
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
IS given. 


Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24/25x16 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
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Figure 5. AC Waveforms 
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DEVICE OPERATION (cont'd) 


STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 


Data Input. During data input the ST24/25x16 
samples the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera- 
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 


Memory Addressing. To start communication be- 
tween the bus master and the slave ST24/25x16, 


Figure 6. I?C Bus Protocol 


START SDA SDA 
INPUT CHANGE 


CONDITION 


CONDITION 


1 2 3 


the master must initiate a START condition. The 8 
bits sent after a START condition are made up of a 
device select of 4 bits that identifie the device type 
(1010), 3 Block select bits and one bit fora READ 
(RW = 1) or WRITE (RW = 0) operation. 


There are three modes both for read and write. 
These are summarised in Table 4 and described 
hereafter. A communication between the master 
and the slave is ended with a STOP condition. 


Write Operations 


The Multibyte Write mode (only available on the 
ST24/25C 16 versions) is selected when the MODE 
pin is at Vin and the Page Write mode when MODE 
pin is at Vit. The MODE pin may be driven dynami- 
cally with CMOS input levels. 


Following a START condition the master sends a 
device select code with the RW bit reset to ’0’. The 
memory acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac- 


STOP 
CONDITION 


STOP 


CONDITION 
VA00792 


8/14 2 
u_____ 47 sGs-THomson 
446 


Figure 7. Memory Protection 


Block 
Select 


16 byte 
boundary 
, address 


cess to any of the 256 bytes of one memory block. 


After receipt of the byte address the device again : 


responds with an acknowledge. 


For the ST24/25W16 versions, any write command 
with WC = 1 (during a period of time from the 
START condition untill the end of the Byte Address) 
will not modify data and will NOT be acknowledged 
on data bytes, as in Figure 10. 


Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 
is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either Vin 
or ViL, to minimize the stand-by current. 


Multibyte Write. For the Multibyte Write mode, the 
MODE pin must be at Vin. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 8 bytes 
of data, which are each acknowledged by the mem- 


$124/25C16, ST24/25W16 


elgi oe PBO. 
i ee 
Protect Location 


Protect Flag 
Enable = O 
Disable = 1. 


Bet ree 


Block 7 


Block 6 


Block 5 


Block 4 


VA00870B 


ory. The transfer is terminated by the master gen- 
erating a STOP condition. The duration of the write 
cycle is tw = 10ms maximum except when bytes 
are accessed on 2 contiguous rows (one row is 16 
bytes), the programming time is then doubled to a 
maximum of 20ms. Writing more than 8 bytes in the 
Multibyte Write mode may modify data bytes in an 
adjacent row (one row is 16 bytes long). However, 
the Multibyte Write can properly write up to 16 
consecutive bytes only if the first address of these 
16 bytes is the first address of the row, the 15 
following bytes being written in the 15 folowing 
bytes of this same row. 


Page Write. For the Page Write mode, the MODE 
pin must be at Vi_. The Page Write mode allows up 
to 16 bytes to be written in a single write cycle, 
provided that they are all located in the same ‘row’ 
in the memory: that is the same Block Address bits 
(63, b2, b1 of Device Select code in Table 3) and 
the same 4 MSBs in the Byte Address. The master 
sends one up to 16 bytes of data, which are each 
acknowledged by the memory. After each byte is 
transfered, the internal byte address counter (4 
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DEVICE OPERATION (cont'd) 


Least Significant Bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad- 
dress counter roll-over’ which could result in data 
being overwritten. Note that for any write mode, the 
generation by the master of the STOP condition 
starts the internal memory program cycle. All inputs 
are disabled until the completion of this cycle and 
the memory will not respond to any request. 


Minimizing System Delay by Polling On ACK. 
During the internal Write cycle, the memory discon- 
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the Write time (tw) is given in the 


Figure 8. Write Cycle Polling using ACK 


AC Characteristics table, this timing value may be 
reduced by an ACK polling sequence issued by the 
master. The sequence is: 


— Initial condition: a Write is in progress (See Figure 
8). 

— Step 1: the Master issues a START condition 
followed by a Device Select byte (1st byte of the 
new instruction). 


— Step 2: ifthe memory is internally writing, no ACK 
willbe returned. The Master goes back to Step1. 
If the memory has terminated the internal writ- 
ing, it will issue an ACK indicating that the 
memory is ready to receive the second part of 
the instruction (the first byte of this instruction 
was already sent during Step 1). 


WRITE Cycle 
in Progress 
START Condition 


DEVICE SELECT 
with RW = 0 


ACK 
Returned 
YES 


Operation is 
RANDOM ADDRESS 
READ or WRITE 


Proceed 
Next Instruction 


ISSUE the 
Second Part of 
the Instruction 


VA01099 
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Write Protection. Data in the upper four blocks of 
256 bytes of the memory may be write protected. 
The memory is write protected between a boundary 
address and the top of memory (address 7FFh). 
The boundary address is user defined by writing a 
value in the Block Address Pointer (location 7FFh). 


This Block Address Pointer defines an 8 bit address 
composed of the 4 MSBs of location 7FFh and 4 
LSBs which are forced to ’0’. This address pointer 
can therefore address a boundary in steps of 16 
bytes. 


The block in which the Block Address Pointer de- 
fines the boundary of the write protected memory 
is defined by the logic level on the PB1 and PBO 
inputs: 

— PB1 =’0’ and PBO = ’0’ select block 4 

— PB1 =’0’ and PBO =’1’ select block 5 

— PB1 =’1’ and PBO =’0’ select block 6 

— PB1 =’1’ and PBO =’1’ select block 7 

To use the Write Protected feature follow this se- 
quence: 


— write the data to be protected into the top of the 
memory, up to, but not including, location 7FFh; 


— select the block by hardwiring the signals PBO & 
PB1; 


— and set the protection by writing the correct 
bottom boundary address into location 7FFh. 


The area will now be protected when the PRE input 
is taken High. 


Caution: Special attention must be used when 
using the protect mode together with the Multibyte 


Figure 9. Write Modes Sequence (ST24/25C16) 


ACK 
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Write mode (MODE input pin High). If the Multibyte 
Write starts at the location right below the first byte 
of the Write Protected area, then the instruction will 
write over the first 7 bytes of the Write Protected 
area. The area protected is therefore smaller than 
the content defined in the location 7FFh, by 7 bytes. 
This does not apply to the Page Write mode as the 
address counter ’roll-over’ and thus cannot go 
above the 16 bytes lower boundary of the protected 
area. 


Read Operation 


Read operations are independent of the state of the 
MODE signal. On delivery, the memory content is 
set at all "1’s" (or FFh). 


Current Address Read. The memory has an in- 
ternal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to 1’. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out- 
put, but terminates the transfer with a STOP con- 
dition. 

Random Address Read. A dummy write is per- 
formed to load the address into the address counter 
(see Figure 11). This is followed by another START 
condition from the master and the byte address 
repeated with the RW bit set to 1’. The memory 
acknowledges this and outputs the byte ad- 
dressed. The master does NOT acknowledge the 


ACK ACK 


reer se eve bae | ba 


START RW 


MULTIBYTE 


a°r= 
AND if DEV SEL | BYTE ADDR | DATA IN 1 | DATA IN 2 
PAGE WRITE ee JL. 


START RW 
ACK ACK 


[ECSICe Ia 


STOP 
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Figure 10. Write Modes Sequence with Write Control = 1 (ST24/25W16) 


ACK 


ACK NO ACK 


7 Coe | Perea | ore TD 


START RW 


ACK 
PAGE WRITE 


LR 


START RW 


WC 
(cont'd) 


NO ACK 
Dora] 


PAGE WRITE 
(cont'd) 


STOP 


DEVICE OPERATION (cont'd) 


byte output, but terminates the transfer with a 
STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Aa- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se- 
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 


NO ACK 


SIOP 


ACK NO ACK 


a hank ies 
BYTE ADDR DATA IN 1 | DATA IN 


VA01161 


output data is from consecutive byte addresses, 
with the internal byte address counter automat- 
ically incremented after each byte output. After a 
count of the last memory address, the address 
counter will ’roll- over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24/25x16 wait for an acknowledge during the 
9th bit time. If the master does not pull the SDAline 
low during this time, the ST24/25x16 terminate the 
data transfer and switches to a standby state. 
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SEQUENTIAL 
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SEQUENTIAL 
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Figure 11. Read Modes Sequence 
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ORDERING INFORMATION SCHEME 


Example: ST24C16C M 


TR Tape & Reel 
Packing 


Operating Voltage 


24 3Vto5.5V 
25 = 2.5V to 5.5V 


| Revision | Package 
C Standard C CMOS F4 Tech. PSDIP8 1 Oto 70°C 
W Hardware Write  D CMOSF4 O2SMMEFAME = 58} 916 195 °C 
Control Tech. ©) M sos ®) Bc Aeren anion 
ML SO14 


Notes: 1. Available on Revision D only. 
2. Revision D is an upgrade of Revision C with optimized chip lay-out fits SO8 package. 
3. Available only for Revision D devices. 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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MICROELECTRONICS 


3125164 


SERIAL ACCESS CMOS 16K (2048 x 8) EEPROMs 


= MINIMUM 1 MILLION ERASE/WRITE 
CYCLES with OVER 10 YEARS DATA 
RETENTION 


=» SINGLE SUPPLY VOLTAGE: 

— 8V to 5.5V for ST24164 version 

— 2.5V to 5.5V for ST25164 version 
=» HARDWARE WRITE CONTROL PIN 
=» TWO WIRE SERIAL INTERFACE 
=» PAGE WRITE (up to 16 BYTES) 


=» BYTE, RANDOM and SEQUENTIAL READ 
MODES 


=» SELF TIMED PROGRAMMING CYCLE 
=» AUTOMATIC ADDRESS INCREMENTING 


# ENHANCED ESD/LATCH-UP 
PERFORMANCES 


DESCRIPTION 


The S1T24/25164 are 16K bit electrically erasable 
programmable memories (EEPROM), organized 
as 2048 x 8 bits. They are manufactured in SGS- 
THOMSON’s Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 10 years. The memories operate 
with a power supply value as low as 2.5V. 


Table 1. Signal Names 


PSDIP8 (B) 


SO8 (M) 
0.25mm Frame 


Figure 1. Logic Diagram 


S1T24164 
ST25164 
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Figure 2A. DIP Pin Connections 


ST24164 
5125164 


Parameter 


Ambient Operating Temperature 


Storage Temperature 


Lead Temperature, Soldering 


Output Voltage 
Input Voltage 


Electrostatic Discharge Voltage (Human Body model) ©) 


(SO8 package) 
(PSDIP8 package) 


Figure 2B. SO Pin Connections 


5724164 
S7T25164 


VA01250 


| value | Unit 
—40 to 125 °C 
—40 to 85 
215 6 
031065 | OV 
~0.310 6.5 
Supply Voltage —0.3 to 6.5 


grade 3 
grade 6 


40 sec 
10 sec 


4000 


Electrostatic Discharge Voltage (Machine model) (3) 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 2). 
3. EIAJ IC-121 (Condition C) (200pF, 0 ). 


DESCRIPTION (cont'd) 


Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 


The memories are compatible with the two wire 
serial interface which uses a bi-directional data bus 
and serial clock. The memories offer 3 chip enable 
inputs (E2, E1, EO) so that up to 8 x 16K devices 
may be attached to the bus and selected individu- 
ally. The memories behave as a slave device with 


Read and write operations are initiated bya START 
condition generated by the bus master. The START 
condition is followed by a stream of 7 bits, plus one 
read/write bit and terminated by an acknowledge 
bit (see Table 3). 


When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi- 


all memory operations synchronized by the serial nated with a STOP condition. 
clock. 
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Table 3. Device Select Code 


an a 


Note: The MSB b7 is sent first. 


Table 4. Operating Modes “) 


Current Address Read 1? 


Random Address Read 
> 


Sequential Read 1 


Notes: 1. X = Vin or Vir 
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Table 5. Endurance and Data Retention Guarantees 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 


Device Endurance Data Retention 
E/W Cycles Years 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vcc 
to act as a pull up (see Figure 4). 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (see Figure 4). 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 50ns 


Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 3. AC Testing Input Output Waveforms 
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Chip Enable (E2 - EQ). These chip enable inputs 
are used to set 3 bits (b6, b5, b4) of the 7 bit device 
select code. These inputs may be driven dynami- 
cally or tied to Vcc or Vss to establish the device 
select code. 


Write Control (WC). An hardware Write Control 
feature (WC) is offered on pin 7. This feature is 
usefull to protect the contents of the memory from 


any erroneous erase/write cycle. The Write Control 
signal is used to enable (WC = Vin) or disable (WC 
= Vj.) the internal write protection. WC pin can be 
direcly connected to Vss pin, in order to run the 
$T24/25164 without the Write Control protection. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control feature. 


DEVICE OPERATION 
Bus Background 


The device that controls the data transfer is known 
as the master and the other as the slave. The 
master will always initiate a data transfer and will 
provide the serial clock for synchronisation. The 
ST24/25164 are always slave devices in all com- 
munications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25164 con- 
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 

Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 


stable in the high state. A STOP condition termi- 
nates communication between the ST24/25164 


Figure 4. Maximum RL Value versus Bus Capacitance (Cgpus) for a Serial Bus 
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Table 6. Capacitance “) (Ta = 25 °C, f = 100 kHz) 


Note: 1. Sampled only, not 100% tested 


Table 7. DC Characteristics 
(Ta = —40 to 85 °C or —40 to 125 °C; Vcc = 8V to 5.5V or 2.5V to 5.5V) 


OV s VouT Ss Veo 
Voc = 5V, fo = 100kHz 
lec oe a Sey al UME S008) mrsrt 
} Supply Current (ST25 series) Current (ST25 series) Voc = 2.5V, fc = 100kHz Pt Toma | 
Vin = Vss or Vcc, 
ee ee 
Icc1 Supply Current (Standby) 
Vin = Vss or Vcc, 
Vin = Vss or Voc, 5 uA 
Supply Current (Standby) Veco = 2.5V 
te (ST25 series) 
Vin = Vss or Voc, 50 A 
Voc = 2.5V, fo = 100kHz H 


— Input Low Voltage (SCL, SOA) poston es S608 J __}_-83_{ 02 | 
|__| Input High Votage (SCL, SDA) poutine sso) _f__f ores {vet | _ 


anes Low Woy 
pot we 


Output Low | OutputLow Voltage = si 2) lo. = 8mA, Vcc = 5V 
" een 
Output Low Voltage (ST25 series) lo. = 2.1mMA, Vcc = 2.5V pop 


Vv Power On te Threshold 
POR (ST25 series) 

(1) | Voc Range . Read Operations 
| ae series) 


| Veo Write _| Write | Vee | Veo Range for Write Operations for Write Operations 


Note: 1. Atthe time of publication of this data sheet, the statistical history, for the ecemccmaacae! was not yet zak to tos a 
Vcc Read = 2V. For the lastest information contact your local S€4S-THOMSON Sales Office. 
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Table 8. AC Characteristics 


(Ta = —40 to 85 °C or —40 to 125 °C; Vcc = SV to 5.5V or 2.5V to 5.5V) 


Symbol | Alt 
| tonoe | ta | Clock Rise 
| tere | te | Clock Fall Time 


toH1DH2 
tpLipL1 


fc 
S) 


Note: 1. ForareSTART condition, or following a write cycle. 


DEVICE OPERATION (cont'd) 


and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 


Data Input. During data input the ST24/25164 
sample the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera- 
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 


Clock Rise Time 
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Memory Addressing. To start communication be- 
tween the bus master and the slave ST24/25164, 
the master must initiate a START condition. Follow- 
ing this, the master sends onto the SDA bus line 8 
bits (MSB first) corresponding to the device select 
code (7 bits) and a Read or Write bit (R/W). 


Three out of the four most significant bits of the 
Device Select code are the Device Select bits (b6, 
b5, b4). They are matched to the chip enable 
signals applied on pins E2, E1, EO. Thus up to 8 x 
16K memories can be connected on the same bus 
giving a memory capacity total of 128K bits. After a 
START condition any memory on the bus will iden- 
tify the device code and compare the 3 bits to its 
chip enable inputs E2, E1, EO. 


The 8th bit sent is the Read or Write bit (R/W), this 
bit is set to ’1’ for read and ’0’ for write operations. 
If a match is found, the corresponding memory will 
acknowledge the identification on the SDA bus 
during the 9th bit time. 
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Figure 5. AC Waveforms 
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DEVICE OPERATION (cont'd) 


Write Operations 


The Write Operations is only possible when the 
Write Control pin is low (WC to ground). 


Following a START condition the master sends a 
device select code with the RW bit reset to 0’. The 
memory acknowledges this and waits for the lower 
byte address. After receipt of the byte address the 
device again responds with an acknowledge. 


Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. 


Page Write. The Page Write mode allows up to 16 
bytes to be written in a single write cycle, provided 
that they are all located in the same ‘row’ in the 
memory: that is the 4 most significant Byte Address 


Figure 6. I?C Bus Protocol 


START 
CONDITION 


SDA 


CONDITION 


8/12 


SDA 
INPUT CHANGE 


bits (A7-A4) are the same. The master sends from 
one up to 16 bytes of data, which are each acknow- 
ledged by the memory. After each byte is trans- 
fered, the internal byte address counter (4 least 
significant bits only) is incremented. The transfer is 
terminated by the master generating a STOP con- 
dition. Care must be taken to avoid address counter 
roll-over’ which could result in data being overwrit- 
ten. Note that, for any write mode, the generation 
by the master of the STOP condition starts the 
internal memory program cycle. All inputs are dis- 
abled until the completion of this cycle and the 
memory will not respond to any request. 


Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon- 
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 


STOP 
CONDITION 


bigot 
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Figure 7. Write Cycle Polling using ACK 
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WRITE Cycle 
in Progress 


START Condition 


DEVICE SELECT 
with RW = O 


Returned 


YES 


Operation is 
RANDOM ADDRESS 
READ or WRITE 


Proceed 
Next Instruction 


shorter, the time seen by the system may be re- 
duced by an ACK polling sequence issued by the 
master. The sequence is as follows: 


— Initial condition: a Write is in progress (see Figure 
7). 

— Step 1: the master issues a START condition 
followed by a device select byte (1st byte of the 
new instruction). 


— Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will respond 


ISSUE the 
Second Part of 
the Instruction 


VA01099 


with an ACK, indicating that the memory is ready 
to receive the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 1). 


Read Operations 


Read operations are independent of the state of the 
WC pin. On delivery, the memory content is set at 
all "1’s" (or FFh). 


Current Address Read. The memory has an inter- 
nal byte address counter. Each time a byte is read, 
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Figure 8. Write Modes Sequence 
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Figure 9. Write Modes Sequence with Write Control = 1 
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Figure 10. Read Modes Sequence 
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DEVICE OPERATION (cont'd) 


this counter is incremented. For the Current Ad- 
dress Read mode, following a START condition, 
the master sends a memory address with the R/W 
bit set to ’1’. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out- 
put, but terminates the transfer with a STOP con- 
dition. 

Random Address Read. A dummy write is per- 
formed to load the address into the address 
counter, see Figure 10. This is followed by another 
START condition from the master and the byte 
address is repeated with the R/W bit set to 1’. The 
memory acknowledges this and outputs the byte 
addressed. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 
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NO ACK 


PCSOCOMUTI 


ACK 
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START RW 


ACK 


DATA OUT 1 


ACK 
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Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se- 
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat- 
ically incremented after each byte output. After a 
count of the last memory address, the address 
counter will ’roll- over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24/25164 wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25164 terminate 
the data transfer and switches to a standby state. 
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ORDERING INFORMATION SCHEME 


Example: $T24164D M 
Operating Voltage i | Temp. Range _ Range | Option 
24 3V to 5.5V D CMOS F4 B PSDIP8 3* —40 to 125 °C TR Tape & Reel 
25 25Vto5.5V Tech. 0.25mm Frame 6 -40t085°C Packing 
M S08 


Note: 3* Temperature range on request only. 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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ST24E16D 
ST25E16D 


SERIAL ACCESS CMOS 16K (2048 x 8) EEPROMs 
EXTENDED ADDRESSING COMPATIBLE WITH I2C BUS 


= COMPATIBLE with I?C EXTENDED 
ADDRESSING 


=» TWO WIRE SERIAL INTERFACE, 
SUPPORTS 400kHz PROTOCOL 


= MINIMUM 7 MILLION ERASE/WRITE 
CYCLES, with OVER 10 YEARS DATA 
RETENTION 


= SINGLE SUPPLY VOLTAGE: 
— 3V to 5.5V for ST24E16D version 
— 2V to 5.5V for ST25E16D version 
= WRITE CONTROL FEATURE 
= BYTE and PAGE WRITE (up to 16 BYTES) 


# BYTE, RANDOM and SEQUENTIAL READ 
MODES 


=» SELF TIMED PROGRAMING CYCLE 
=» AUTOMATIC ADDRESS INCREMENTING 


= ENHANCED ESD/LATCH UP 
PERFORMANCES 


DESCRIPTION 


The ST24/25E16D are 16K bit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 256 x 8 bits. It is manufactured in 
SGS-THOMSON’s Hi-Endurance Advanced 
CMOS technology which guarantees an endur- 
ance of more than one million erase/write cycles 
with a data retention of over 10 years. The 
ST25E16D operates with a power supply value as 


Table 1. Signal Names 


We 


Write Control 


Vcc Supply Voltage 


Ground 


October 1993 


This is advance information on a new product now undergoing evaluation. Details are subjets to change without notice. 


PRODUCT CONCEPT 


1 


PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 


ST24E16D 
SIPZOETOD 
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Figure 2A. DIP Pin Connections 


ST24E16D 
SIZ0E 16D 
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Storage Temperature 


Lead Temperature, Soldering (SO8) 
(PSDIP8) 


Input or Output Voltages 


Figure 2B. SO Pin Connections 


ST24E16D 
SPZOE OL 


VA01104 


grade 1 0 to 70 
grade 3 —40 to 125 
grade 6 —40 to 85 


—65 to 150 
40 sec 215 
10 sec 260 


—0.3 to 6.5 


| vec Supply Voltage —0.3 to 6.5 


VEsp 


Electrostatic Discharge Voltage (Human Body model) (2) 4000 
Electrostatic Discharge Voltage (Machine model) (3) | 500 


Notes: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification ts not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the S@GS-THOMSON SURE Program and 


other relevant quality documents. 
2. 100pF through 1500Q; MIL-STD-883C, 3015.7 
3. 200pF through 0Q; EIAJ IC-121 (condition C) 


DESCRIPTION (cont'd) 


low as 2.0V. Both Plastic Dual-in-Line and Plastic 
Small Outline packages are available. 


Each memory is compatible with the I7C extended 
addressing standard, two wire serial interface 
which uses a bi-directional data bus and serial 
clock. The ST24/25E16D carry a built-in 4 bit, 
unique device identification code (1010) corre- 


sponding to the I?C bus definition. The 
ST24/25E16D behave as slave devices in the I@C 
protocol with all memory operations synchronized 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 4 bits (identification code 1010), 3 bit 
Chip Enable input to form a 7 bit Device Select, plus 
one read/write bit and terminated by an acknow- 
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Table 3. Device Select Code 


Device Code 


Note: The MSB b7 is sent first. 


Table 4. Operating Modes 


Note: X = Vin or Vit. 


ledge bit. When writing data to the memory it 
responds to the 8 bits received by asserting an 
acknowledge bit during the 9th bit time. When data 
is read by the bus master, it acknowledges the 
receipt of the data bytes in the same way. 


“Data transfers are terminated with a STOP condi- 
tion. In this way, up to 8 ST24/25E16D may be 
connected to the same I@C bus and selected indi- 
vidually, allowing a total addressing field of 128 
Kbit. 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Untill the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active: all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 


SIGNALS DESCRIPTION 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 


Ee a 


[Modo | _wiot [eyes | ——~—~=Cad Sequence 
Bahaonmadese end Cw | | START, Device Select, RW = 0’, Address 
Tanewite «Yt * START. Deveson = 
Frasewae «tS SC*SCSCS «STAR Deven sos We 


$7T24/25E16D 


Chip Enable RW 


START, Device Select, RW ='1’ 


resistor can be connected from the SCL line to Vcc 
to act as a pull up (see Figure 3) 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (see Figure 3). 


Chip Enable (E0 - E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynami- 
cally or tied to Vcc or Vss to establish the device 
select code. Note that the Vit and Vix levels for the 
inputs are CMOS, not TTL compatible. 


Write Control (WC). The Write Control feature 
WC is useful to protect the contents of the memory 
from any erroneous erase/write cycle. The Write 
Control signal is used to enable (WC at Vix) or 
disable (WC at ViL) the internal write protection. 
The devices with this Write Control feature no 
longer supports the multibyte mode of operation. 
When unconnected, the WC input is internally read 
as VIL. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control feature. 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 50ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 4. AC Testing Input Output Waveforms 
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DEVICE OPERATION 
I?C Bus Background 


The ST24/25E16D support the extended address- 
ing °C protocol. This protocol defines any device 


that sends data onto the bus as a transmitter and 
any device that reads the data as a receiver. The 
device that controls the data transfer is known as 
the master and the other as the slave. The master 
will always initiate a data transfer and will provide 
the serial clock for synchronisation. The 
$T24/25E16D are always slave devices in all com- 
munications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25E16D 
continuously monitor the SDA and SCL signals for 
a START condition and will not respond unless one 
is given. 

Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24/25E16D 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Figure 3. Maximum RL Value versus Bus Capacitance (Csus) for an I2C Bus, fc = 400kHz 
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Table 5. Capacitance ™ (Ta = 25 °C, f = 400 kHz) 


a 
a 
a Co 
a 
[ave [WCinpatinpedace =i Wns 07 ven | 200 | | 


Note: 1. Sampled only, not 100% tested. 


Table 6. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 8V to 5.5V or 2V to 5.5V) 


Symbol Test Concition | Min | Mex | unt | 
VsVns08V p weewons [8 
WC Input Resistor 


OV < Vout $ Vcc 
— = Output Leakage Current SDA in Hi-Z T= Te 
Vec = 5V, fc = 400kHz 


| Supply Current (ST25 series) —_| Current (ST25 series) | Voc=2V,fo=400KH2 | 2V, fo = 400kHz 


Vin = Vss or Vcc, 
Voc = 5V 


Vin = Vss or Voc, 
Voc = 5V, fo = 400kHz 
Vin = Vss or Voc, 5 uA 
Supply Current (Standby) Vec = 2V 
(ST25 series) 
Vin = Vss or Voc, 50 A 
Voc = 2V, fc = 400kHz H 


Fapttow vonage @onsoy [ies | waves |v 
Fnputtgnvotage(6ou,s0ay [| —————*derveo | Veet |v 
Fnputtowvotage eoe2.we) [| —~S~sCis || 
rostenvoernen we) [nnn [eet [v 

_fesetarimiae [essen esa [foe 


V Power On ies Threshold 15 
POR" (ST25 series) . 
(1) | Voc Range for Read Operations 
Vcc Read (ST25 series) 2.5 5.5 V 


Note: 1. At the time of publication of this data sheet, the statistical history, for the ST25E16D, was not yet sufficient to guarantee a 
Vcc Read = 2V. For the lastest information contact your local S@GS-THOMSON Sales Office. 


Icc1 Supply Current (Standby) 


loce 
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Table 7. AC Characteristics 


(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 8V to 5.5V or 2V to 5.5V) 


tCHCL tHIGH Clock Pulse Width High 


tCLCH tLlow Clock Pulse Width Low 


Notes: 1. For a reSTART condition, or following a write cycle. 


fe 
Tinos | [Oodncotme ——SSSC~sSSCSCSid toe 
Tteiee | [OeekFattine 
Tone |e [hpuricotme SSC*dSSi te 
Ties | [ipuraitme Ste 
Mioex” | ten [Ooaktignotpatersion | ame 


Input Low to Clock Low (START) | so || ons | 
Clock Low to Input Transition 


a i ae 
tow | tavero [Otek High toputrigh ror) ———+| soo | mw 
ton | tor [pt igh ohputLow Gus Fes) |g || ws 
ee a a 


Sie Frepwrey —_—_—_ SisaesOn Time Constant 
(SCL & SDA a 


US 
US 


| 800 | ins 


2. In the Multibyte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (5 address MSB are not constant) 


the maximum programming time is doubled to 20ms. 


DEVICE OPERATION (cont'd) 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse the receiver pulls the SDA bus low 
to acknowledge the receipt of the 8 bits of data. 


Data Input. During data input the ST24/25E16D 
sample the SDA bus signal on the rising edge of 
the clock SCL. For correct device operation the 
SDA signal must be stable during the clock low to 
high transition and the data must change ONLY 
when the SCL line is low. 


Device Selection. To start communication be- 
tween the bus master and the slave ST24/25E16D, 
the master must initiate a START condition. The 8 
bits sent after a START condition are made up of a 
device select of 4 bits that identifies the device type, 
3 Chip Enable bits and one bit fora READ (RW = 

1) or WRITE (RW = 0) operation. There are two 
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modes both for read and write. These are summa- 
rised in Table 4 and described hereafter. Acommu- 
nication between the master and the slave is ended 
with a STOP condition. 


Memory Addressing. A data byte in the memory 
is addressed through 2 bytes of address informa- 
tion. The Most Significant Byte is sent first and the 
Least significant Byte is sent after. The Least Sig- 
nificant Byte addresses a block of 256 bytes, bits 
b10,b9,b8 of the Most Significant Byte select one 
block among 8 blocks (one block is 256 bytes). 


Most Significant Byte 


po fof ol} o | o | bo] bo | te | 


Least Significant Byte 


| b7 | be | oS | b4 | b3 | be | bt | bo | 


On 
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Figure 5. AC Waveforms 
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Figure 6. I?C Bus Protocol 
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Write Operations 


Following a START condition the master sends a 
device select code with the RW bit reset to ’0’. The 
ST24/25E16D acknowledge this and waits for 2 
bytes of address. These 2 address bytes (8 bits 
each) provide access to any of the 8 blocks of 256 
bytes each. Writing in the ST24/25E16D may be 
inhibited if input pin WC is taken high. 


For the ST24/25E16D versions, any write com- 
mand with WC = 1 (during a period of time from the 
START condition untill the end of the 2 Bytes 
Address) will not modify data and will NOT be 
acknowledged on data bytes, as in Figure 9. 


STOP 
CONDITION 


<> 
STOP 
CONDITION 
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Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the | 
ST24/25E16D. The master then terminates the 
transfer by generating a STOP condition. 


Page Write. The Page Write mode allows up to 16 
bytes to be written in a single write cycle, provided 
that they are all located in the same row of 16 bytes 
in the memory, that is the same Address bits (b10- 
b4). The master sends one up to 16 bytes of data, 
which are each acknowledged by the 
ST24/25E16D. After each byte is transfered, the 
internal byte address counter (4 Least Significant 
Bits only) is incremented. The transfer is terminated 
by the master generating a STOP condition. Care 
must be taken to avoid address counter ’roll-over’ 
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which could result in data being overwritten. Note 
that for any write mode, the generation by the 
master of the STOP condition starts the internal 
memory program cycle. All inputs are disabled until 
the completion of this cycle and the ST24/25E16D 
will not respond to any request. 


Minimizing System Delay by Polling On ACK. 
During the internal Write cycle, the ST24/25E16D 
disable itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the Write time (tw) is given in the 
AC Characteristics table, this timing value may be 
reduced by an ACK polling sequence issued by the 
master. The sequence is: 


Figure 7. Write Cycle Polling using ACK 


$T24/25E16D 


— Initial condition: a Write is in progress (see Figure 
7). 

— Step 1: the Master issues a START condition 
followed by a Device Select byte. (1st byte of 
the new instruction) 


— Step 2: if the ST24/25E16D are internally writing, 
no ACK will be returned. The Master goes back 
to Step1. If the ST24/25E16D have terminated 
the internal writing, it will issue an ACK. The 
ST24/25E16D are ready to receive the second 
part of the instruction (the first byte of this in- 
struction was already sent during Step1). 


WRITE Cycle 
in Progress 


START Condition 


DEVICE SELECT 
with RW = 0 


ACK 
Returned 
YES 


Operation is 
RANDOM ADDRESS 
READ or WRITE 


Proceed 
Next Instruction 


ISSUE the 
Second Part of 
the Instruction 
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Read Operations 


On delivery, the memory content is set at all "1’s" 
(or FFh). 


Current Address Read. The ST24/25E16D have 
an internal 11 bits address counter. Each time a 
byte is read, this counter is incremented. For the 
Current Address Read mode, following a START 
condition, the master sends a Device Select with 
the RW bit set to °1’. The ST24/25E16D acknow- 
ledge this and outputs the byte addressed by the 
internal address counter. This counter is then incre- 
mented. The master does NOT acknowledge the 
byte output, but terminates the transfer with a 
STOP condition. 


Random Address Read. A dummy write is per- 
formed to load the address into the address 
counter, see Figure 10. This is followed by another 
START condition from the master and the byte 
address repeated with the RW bit set to ’1’. The 
ST24/25E16D acknowledge this and outputs the 
byte addressed. The master does NOT acknow- 
ledge the byte output, but terminates the transfer 
with a STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
ST24/25E16D continue to output the next byte in 


Figure 8. Write Modes Sequence with Write Control = 0 
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Figure 9. Write Modes Sequence with Write Control = 1 


pee t~S 


ACK 


ACK NO ACK 


Cee $1, Cave bar | Care mpee | bare TL 


START RW 


STOP 


ee CS 


ACK 
PAGE WRITE 


START R 


WC aoe 
(cont'd) 


NO ACK NO ACK 


or 


STOP 


PAGE WRITE 
(cont'd) 


sequence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat- 
ically incremented after each byte output. After a 
count of the last memory address, the address 


fl ere be | eye bbe |! Tare Conta 72" 


ACK NO ACK 
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counter will ’roll-over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24/25E16D wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25E16D termi- 
nate the data transfer and switch to a standby state. 
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Figure 10. Read Modes Sequence 
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ORDERING INFORMATION SCHEME 


Example: ST24E16D M 1 TR 
24 3Vto5.5V TR Tape & Reel 
25 2Vto5.5V Pecning 
E Extended D CMOS F4 B  PSDIP8 1 Oto70°C 
Addressing Tech. 0.25mm 3 
Frame 3 -—40to 125°C 
M SO8 6 —40 to 85 °C 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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{ SGS-THOMSON ST24E32D 
SE, iiICROELECTRONICS ST25E32D 


SERIAL ACCESS CMOS 32K (4096 x 8) EEPROMs 
EXTENDED ADDRESSING COMPATIBLE WITH I2@C BUS 


PRODUCT CONCEPT 


# COMPATIBLE with I?C EXTENDED 
ADDRESSING 


=» TWO WIRE SERIAL INTERFACE, 
SUPPORTS 400kHz PROTOCOL 


=» MINIMUM 1 MILLION ERASE/WRITE 
CYCLES, with OVER 10 YEARS DATA 
RETENTION 


= SINGLE SUPPLY VOLTAGE: L 
— 3V to 5.5V for ST24E32D version PSDIP8 (B) SO8 (M) 
— 2V to 5.5V for ST25E32D version Seem alate oom 
= WRITE CONTROL FEATURE 
=» BYTE and PAGE WRITE (up to 32 BYTES) 


® BYTE, RANDOM and SEQUENTIAL READ 
MODES 


=» AUTOMATIC ADDRESS INCREMENTING 


=» ENHANCED ESD/LATCH UP 
PERFORMANCES 


DESCRIPTION 


The ST24/25E32D are 32K bit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 512 x 8 bits. It is manufactured in 
SGS-THOMSON’s Hi-Endurance Advanced STIAE32D 
CMOS technology which guarantees an endur- 

ance of more than one million erase/write cycles ST25E52D 
with a data retention of over 10 years. The 
ST25E32D operates with a power supply value as 


Table 1. Signal Names 


[son | sora aa Ass npeOupat — 
|SCL__| SetialClock 
WE | WriteControh 
[Yoo 
Mes 
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Supply Voltage 
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This 1s advance information on a new product now undergoing evaluation. Details are subjets to change without notice. 
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Figure 2A. DIP Pin Connections 
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Table 2. Absolute Maximum Ratings ™ 


Figure 2B. SO Pin Connections 


ST24E 32D 
SIZoCOZ 
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Input or Output Voltages 


Vesp 


Ta Ambient Operating Temperature grade 3 —40 to 125 °C 
grade 6 —40 to 85 
Storage Temperature ~—65 to 150 
TLEAD Lead Temperature, Soldering (SO8) 40 sec °6 
(PSDIP8) 10 sec 


Electrostatic Discharge Voltage (Human Body model) 


Electrostatic Discharge Voltage (Machine model) 


ones |W 


ee 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed In the Table "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those Indicated In the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device rellability. Refer also to the SGS-THOMSON SURE Program and 


other relevant quality documents. 
2. 100pF through 15000; MIL-STD-883C, 3015.7 
3. 200pF through 0Q; ElAJ IC-121 (condition C) 


DESCRIPTION (cont'd) 


low as 2.0V. Both Plastic Dual-in-Line and Plastic 
Small Outline packages are available. 


Each memory is compatible with the I?C extended 
addressing standard, two wire serial interface 
which uses a bi-directional data bus and serial 
clock. The ST24/25E32D carry a built-in 4 bit, 
unique device identification code (1010) corre- 


sponding to the I?C bus definition. The 
ST24/25E32D behave as slave devices in the IC 
protocol with all memory operations synchronized 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 4 bits (identification code 1010), 3 bit 
Chip Enable input to form a 7 bit Device Select, plus 
one read/write bit and terminated by an acknow- 
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Table 3. Device Select Code 


Device Code 


Note: The MSB b7 is sent first. 


Table 4. Operating Modes 


Note: X = Vin or Vi. 


ledge bit. When writing data to the memory it 
responds to the 8 bits received by asserting an 
acknowledge bit during the 9th bit time. When data 
is read by the bus master, it acknowledges the 
receipt of the data bytes in the same way. 


Data transfers are terminated with a STOP condi- 
tion. In this way, up to 8 ST24/25E32D may be 
connected to the same I®C bus and selected indi- 
vidually, allowing a total addressing field of 256 
Kbit. 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Untill the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active: all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 


SIGNALS DESCRIPTION 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 


ky saree tatters 


a= fw t=[=[«|a|[elw|w 
ween fs fe [+ [eles |e | 


eT 
eds ts ht reel | og = 6 START, Device Select, RW = 0’, Address 

Tanewite «|S *dY td Stan Deve soen Wo 
a 
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Chip Enable RW 


resistor can be connected from the SCL line to Vcc 
to act as a pull up (see Figure 3) 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (see Figure 3). 


Chip Enable (E0 - E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynami- 
cally or tied to Vcc or Vss to establish the device 
select code. Note that the Vit and Vin levels for the 
inputs are CMOS, not TTL compatible. 


Write Control (WC). The Write Control feature 
WC is useful to protect the contents of the memory 
from any erroneous erase/write cycle. The Write 
Control signal is used to enable (WC at Vin) or 
disable (WC at ViL) the internal write protection. 
The devices with this Write Control feature no 
longer supports the multibyte mode of operation. 
When pin WC is unconnected, the WC input is 
internally read as Vi. 


When WC=1, Device Select and Address bytes are 
acknowledged; Data bytes are not acknowledged. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control! feature. 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 50ns 


Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 4. AC Testing Input Output Waveforms 


VA00825 


DEVICE OPERATION 
I?C Bus Background 


The ST24/25E32D support the extended address- 
ing IC protocol. This protocol defines any device 


that sends data onto the bus as a transmitter and 
any device that reads the data as a receiver. The 
device that controls the data transfer is known as 
the master and the other as the slave. The master 
will always initiate a data transfer and will provide 
the serial clock for synchronisation. The 
$1T24/25E32D are always slave devices in all com- 
munications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25E32D 
continuously monitor the SDA and SCL signals for 
a START condition and will not respond unless one 
is given. 

Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24/25E32D 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Figure 3. Maximum RL Value versus Bus Capacitance (Ceus) for an I7C Bus, fc = 400kHz 
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Table 5. Capacitance ™) (Ta = 25 °C, f = 400 kHz) 


| Parameter | Min 
| Gw | inputCapacitance (sa) | 
ae 
a 


Pe Gwe | Input Capacitance (other pins) 
WC wee Impedance Vin $ 0.3 Voc 


Note: 1. Sampled only, not 100% tested. 


Table 6. DC Characteristics 
(Ta = —40 to 85 °C or —40 to 125 °C; Vcc = 3V to 5.5V or 2V to 5.5V) 


Symbol TestCondition | min | Mex | Unit 
OV s Vins 0.8V p Beenie a Le 
WC Input Resistor 


0.7 | 0.7 Vecs Vins Vcc | < Vin < Voc 
Input Leakage Current 
az (OE SPASEOES) ote marae 
OV < Vout < Vcc 
Vcc = 5V, fo = 400kKHz 
loc See sae Hise rauine = 1003) Pease [+ [= 
| Supply Current (ST25 series) | Current (ST25 series) | Veo =2V, fo = 400kKH2 | 2V, fc = 400kHz 
Vin = Vss or Vcc, 
Voc = 5V 
Vin = Vss or Vcc, 
Vin = Vss or Voc, 5 UA 
Supply Current (Standby) Vec = 2V 
coe (ST25 series) 
Vin = Vss or Voc, A 
Voc = 2V, fc = 400kHz B 


[ve [mpatonvongeconsoy [ios wee | 
a 
ve ren 9586 —[ as Pa 
TV | pti vetago eo WE) | —*dWee08 | Vee |v 

Cee 


Vcc Range for Read Operations 
og ee series) 


lcet Supply Current (Standby) 
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Table 7. AC Characteristics 
(Ta =—40 to 85 °C or —40 to 125 °C; Vcc = 3V to 5.5V or 2V to 5.5V) 


[symoor [an [Parameter Sdn et 
Tiewee |e [counts SSCdSSid 
Tteiez |e  [Ovekraitine —SCS*dSSSi to |e 
Two | te [mputicotme Si 
Twos |e [patterns Sia 
Mowe” | wen [otek tigntoinputTansin «woo Pe 
Tro | won eek Pus wian rion Yao 
Teer | wasn [tputtow to Gecktow eran ‘| eof |e 
Tex | two [CtekLowtoiputTarstn ‘| _o | (| ws 
Tas | tow | OoekPusewianiow tse 
ce | tow [inp Tanstonto Gea ranaten | 100 | |e 
Teen | tere [Otek High toiputnign @ror) ‘| eo | iw 
Ton | tor [pt High put ow Gus Fes) | ts |e 


Olock Frequency 


Note: 1. For areSTART condition, or following a write cycle. 


DEVICE OPERATION (cont'd) 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse the receiver pulls the SDA bus low 
to acknowledge the receipt of the 8 bits of data. 


Data Input. During data input the ST24/25E32D 
sample the SDA bus signal on the rising edge of 
the clock SCL. For correct device operation the 
SDA signal must be stable during the clock low to 
high transition and the data must change ONLY 
when the SCL line is low. 


Device Selection. To start communication be- 
tween the bus master and the slave ST24/25E32D, 
the master must initiate a START condition. The 8 
bits sent aftera START condition are made up ofa 
device select of 4 bits that identifies the device type, 
3 Chip Enable bits and one bit for a READ (RW = 
1) or WRITE (RW = 0) operation. There are two 


Clock Low to Data Out Valid 
Clock Low to Data Out Transition | 20 [| ns 


ee a ee 

a 
(SCL & SDA Inputs) 

ae ae a es 


Write Time (ST24E32D at Vcc = 5V 


200 [800 [ns 


modes both for read and write. These are summa- 
rised in Table 4 and described hereafter. A commu- 
nication between the master and the slave is ended 
with a STOP condition. 


Memory Addressing. A data byte in the memory 
is addressed through 2 bytes of address informa- 
tion. The Most Significant Byte is sent first and the 
Least significant Byte is sent after. The Least Sig- 
nificant Byte addresses a block of 256 bytes, bits 
b11,b10,b9,b8 of the Most Significant Byte select 
one block among 16 blocks (one block is 256 
bytes). 


Most Significant Byte 


po | o | o | o | bt] p10] bo | 68 | 


Least Significant Byte 


_b7 | b6 | bs | b4 | ba | be | ot | b0 | 
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Figure 5. AC Waveforms 
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Figure 6. I?C Bus Protocol 


START SDA SDA 
CONDITION INPUT CHANGE 


CONDITION 


Write Operations 


Following a START condition the master sends a 
device select code with the RW bit reset to ’0’. The 
$T24/25E32D acknowledge this and waits for 2 
bytes of address. These 2 address bytes (8 bits 
each) provide access to any of the 16 blocks of 256 
bytes each. Writing in the ST24/25E32D may be 
inhibited if input pin WC is taken high. 

For the ST24/25E32D versions, any write com- 
mand with WC = 1 (during a period of time from the 
START condition untill the end of the 2 Bytes 
Address) will not modify data and will NOT be 
acknowledged on data bytes, as in Figure 9. 


STOP 
CONDITION 


STOP 
CONDITION 
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Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
ST24/25E32D. The master then terminates the 
transfer by generating a STOP condition. 


Page Write. The Page Write mode allows up to 32 
bytes to be written in a single write cycle, provided 
that they are all located in the same row of 32 bytes 
in the memory, that is the same Address bits (b11 
to b5). The master sends one up to 32 bytes of data, 
which are each acknowledged by the 
ST24/25E32D. After each byte is transfered, the 
internal byte address counter (5 Least Significant 
Bits only) is incremented. The transfer is terminated 
by the master generating a STOP condition. Care 
must be taken to avoid address counter ’roll-over’ 
which could result in data being overwritten. 
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Note that for any write mode, the generation by the 
master of the STOP condition starts the internal 
memory program cycle. This STOP condition will 
trigger an internal memory program cycle only if the 
STOP condition is internally decoded right after the 
ACK bit; any STOP condition decoded out of this 
"10th bit" time slot will not trigger the internal pro- 
gramming cycle. All inputs are disabled until the 
completion of this cycle and the ST24/25E32D will 
not respond to any request. 

Minimizing System Delay by Polling On ACK. 
During the internal Write cycle, the ST24/25E32D 
disable itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the Write time (tw) is given in the 


Figure 7. Write Cycle Polling using ACK 
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AC Characteristics table, this timing value may be 
reduced by an ACK polling sequence issued by the 
master. The sequence is: 


— Initial condition: a Write is in progress (see Figure 
7). 

— Step 1: the Master issues a START condition 
followed by a Device Select byte. (ist byte of 
the new instruction) 


— Step 2: if the ST24/25E32D are internally writing, 
no ACK will be returned. The Master goes back 
to Step1. If the ST24/25E32D have terminated 
the internal writing, it will issue an ACK. The 
ST24/25E32D are ready to receive the second 
part of the instruction (the first byte of this in- 
struction was already sent during Step1). 


WRITE Cycle 
in Progress 
START Condition 


DEVICE SELECT 
with RW = 0 


ACK 
Returned 
YES 


Operation is 
RANDOM ADDRESS 
READ or WRITE 


Proceed 
Next Instruction 


ISSUE the 
Second Part of 
the Instruction 
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Read Operations 


On delivery, the memory content is set at all "1’s" 
(or FFh). 


Current Address Read. The $T24/25E32D have 
an internal 12 bits address counter. Each time a 
byte is read, this counter is incremented. For the 
Current Address Read mode, following a START 
condition, the master sends a Device Select with 
the RW bit set to °1’. The ST24/25E32D acknow- 
ledge this and outputs the byte addressed by the 
internal address counter. This counter is then incre- 
mented. The master does NOT acknowledge the 
byte output, but terminates the transfer with a 
STOP condition. 


Random Address Read. A dummy write is per- 
formed to load the address into the address 
counter, see Figure 10. This is followed by another 
START condition from the master and the byte 
address repeated with the RW bit set to 1’. The 
$124/25E32D acknowledge this and outputs the 
byte addressed. The master does NOT acknow- 
ledge the byte output, but terminates the transfer 
with a STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
$T24/25E32D continue to output the next byte in 


Figure 8. Write Modes Sequence with Write Control = 0 
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Figure 9. Write Modes Sequence with Write Control = 1 
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ACK 


ACK NO ACK 
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START RW 


STOP 


eee ee ere nl 


ACK 
PAGE WRITE 


START R 


WC aris 
(cont'd) 


NO ACK NO ACK 


[CSTE 


STOP 


PAGE WRITE 
(cont'd) 


sequence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat- 
ically incremented after each byte output. After a 
count of the last memory address, the address 


ACK NO ACK 
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counter will ’roll-over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24/25E32D wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25E32D termi- 
nate the data transfer and switch to a standby state. 
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Figure 10. Read Modes Sequence 
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RANDOM 
ADDRESS 
READ 


SEQUENTIAL 
CURRENT 
READ 


SEQUENTIAL 
RANDOM 
READ 


Note: 


12/13 
492 


ACK NO ACK 


1 ser Se TUE 


START STOR 


ACK ACK ACK ACK NO ACK 


il Pere poe | Cave bar]! CEST] Donte or TLD 


START RW START STOP 


ACK ACK ACK NO ACK 


Micsa-ezcxco4 we eT eB 
STOP 


START 


ACK ACK ACK ACK 


(LCE), | DERE aE TIL Cees BT TS 


START RW START 


ACK NO ACK 


| 


STOP VA01255 


* The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 4th byte) must be identical. 
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ORDERING INFORMATION SCHEME 


Example: ST24E32D M 1 TR 
Operating Voltage 
24 3Vto5.5V TR Tape & Reel 
25 2V to 5.5V Peering 
E Extended D CMOS F4 B  PSDIP8 3* -40 to 125°C 
Addressing Tech. 0.25mm " 
Frame 6 --—40to85°C 
M S08 
208mil 
Width 
Note: 3” Temperature range on request only. 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact S@S-THOMSON Sales Office nearest 
to you. 
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{ SGS-THOMSON ST24E64D 
SF, iiICROELECTRONICS ST25E64D 


SERIAL ACCESS CMOS 64K (8192 x 8) EEPROMs 
EXTENDED ADDRESSING COMPATIBLE WITH I?C BUS 


PRODUCT CONCEPT 


= COMPATIBLE with I?C EXTENDED 
ADDRESSING 


=» TWO WIRE SERIAL INTERFACE, 
SUPPORTS 400kHz PROTOCOL 


=» MINIMUM 1 MILLION ERASE/WRITE 
CYCLES, with OVER 10 YEARS DATA 
RETENTION 


= SINGLE SUPPLY VOLTAGE: 1 
— 3V to 5.5V for ST24E64D version PSDIP8 (B) 08 (M) 
— 2V to 5.5V for ST25E64D version PeomnNniane 20emiiat 
=» WRITE CONTROL FEATURE 
=» BYTE and PAGE WRITE (up to 32 BYTES) 


» BYTE, RANDOM and SEQUENTIAL READ 
MODES 


a AUTOMATIC ADDRESS INCREMENTING 


=» ENHANCED ESD/LATCH UP 
PERFORMANCES 


DESCRIPTION 


The ST24/25E64D are 64K bit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 1024 x 8 bits. It is manufactured in 
SGS-THOMSON’s Hi-Endurance Advanced 
CMOS technology which guarantees an endur- 
ance of more than one million erase/write cycles 
with a data retention of over 10 years. The 
ST25E64D operates with a power supply value as 


ST24E64D 
ST25E64D 


Table 1. Signal Names 


EO - E2 Chip Enable Inputs 
/ SDA Serial Data Address Input/Output 


Serial Clock 


VA01204 


Write Control 


Ground 


Supply Voltage 
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Figure 2A. DIP Pin Connections 


ST24E64D 
STZ5E64D 


VA1205 


Figure 2B. SO Pin Connections 


ST24E64D 
ST2Z5E64D 


VA01206 


Vesp 


Symbo Parameter | vaue | unit 
TA Ambient Operating Temperature grade 3 —40 to 125 °C 
grade 6 —40 to 85 
Storage Temperature —65 to 150 
TLEAD Lead Temperature, Soldering (SO8) 40 sec 215 6 
(PSDIP8) 10 sec 260 
<a Input or Output Voltages -0.3 to 6.5 nee 


Electrostatic Discharge Voltage (Human Body model) 2) 


Electrostatic Discharge Voltage (Machine model) (3) 


aor 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 


other relevant quality documents. 
2. 100pF through 1500Q; MIL-STD-883C, 3015.7 
3. 200pF through 02; EIAJ IC-121 (condition C) 


DESCRIPTION (cont'd) 


low as 2.0V. Both Plastic Dual-in-Line and Plastic 
Small Outline packages are available. 


Each memory is compatible with the I?C extended 
addressing standard, two wire serial interface 
which uses a bi-directional data bus and serial 
clock. The ST24/25E64D carry a built-in 4 bit, 
unique device identification code (1010) corre- 
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sponding to the I?C bus definition. The 
ST24/25E64D behave as slave devices in the I?C 
protocol with all memory operations synchronized 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 4 bits (identification code 1010), 3 bit 
Chip Enable input to form a 7 bit Device Select, plus 
one read/write bit and terminated by an acknow- 
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Table 3. Device Select Code 


Device Code 


Note: The MSB b7 ts sent first. 


Table 4. Operating Modes 


Note: X = Vin or Vit. 


ledge bit. When writing data to the memory it 
responds to the 8 bits received by asserting an 
acknowledge bit during the 9th bit time. When data 
is read by the bus master, it acknowledges the 
receipt of the data bytes in the same way. 


Data transfers are terminated with a STOP condi- 
tion. In this way, up to 8 ST24/25E64D may be 
connected to the same |®C bus and selected indi- 
vidually, allowing a total addressing field of 512 
Kbit. 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Untill the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active: all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 


SIGNALS DESCRIPTION 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 


ky7 SScniomances 


j= [w[«[«[=|]«[e[w[w 
omer [+ fe] fe lees |= | 


[ote non [oye [sa Soquonoe 
a 
Tracewie «| @*| (stant Dovceseeaunilo 
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Chip Enable RW 


START, Device Select, RW ='1’ 


resistor can be connected from the SCL line to Vcc 
to act as a pull up (see Figure 3) 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (see Figure 3). 


Chip Enable (E0 - E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynami- 
cally or tied to Vcc or Vss to establish the device 
select code. Note that the Vi_ and Vin levels for the 
inputs are CMOS, not TTL compatible. 


Write Control (WC). The Write Control feature 
WC is useful to protect the contents of the memory 
from any erroneous erase/write cycle. The Write 
Contro! signal is used to enable (WC at Vin) or 
disable (WC at ViL) the internal write protection. 
The devices with this Write Control feature no 
longer supports the multibyte mode of operation. 
When pin WC is unconnected, the WC input is 
internally read as Vi. 


When WC=1, Device Select and Address bytes are 
acknowledged; Data bytes are not acknowledged. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control feature. 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 50ns 


Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 4. AC Testing Input Output Waveforms 


VA00825 


DEVICE OPERATION 
I?C Bus Background 


The ST24/25E64D support the extended address- 
ing I°C protocol. This protocol defines any device 


that sends data onto the bus as a transmitter and 
any device that reads the data as a receiver. The 
device that controls the data transfer is known as 
the master and the other as the slave. The master 
will always initiate a data transfer and will provide 
the serial clock for synchronisation. The 
ST24/25E64D are always slave devices in all com- 
munications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25E64D 
continuously monitor the SDA and SCL signals for 
a START condition and will not respond unless one 
is given. 

Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24/25E64D 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Figure 3. Maximum Ri Value versus Bus Capacitance (Cpus) for an I?C Bus, fc = 400kHz 


Remax (kQ) 


TALE TE 


Cpus (pF) 


VA01115 


4/13 . 
kyr 38 cTieniioes 


498 


$124/25E64D 


Table 5. Capacitance ™) (T, = 25 °C, f = 400 kHz) 


a ee 
“on | pt capairee 600 
Ten | tpt Capactanc onersing |S |r 
a 


Note: 1. Sampled only, not 100% tested. 


Table 6. DC Characteristics 
(Ta = —40 to 85 °C or -40 to 125 °C; Vcc = 8V to 5.5V or 2V to 5.5V) 


shies TestConcition | Min [Max | Unit | 
woleents wvevnsoaves | 8 | 2 | ko 
WC Input Resistor 


OV < Vout < Vcc 
sae 5V, fc = pees 


| Supply Current (ST25 series) _| Current (ST25 series) | Veo =2V, fo = 400KHz 2V, fo = 400kHz 


Vin = Vgs or Voc, 
Veco = 5V 


Vin = Vss or Vec, 
Voc = 5V, fo = 400kHz 
Vin = Vss or Vcc, uA 
Supply Current (Standby) Voc = 2V 
ss (ST25 series) 
Vin = Vgs or Vcc, A 
Veco = 2V, fo = 400kHz H 


[vi [nputowvenseconsoy | ———S—S*dtCs | vee | 

vu [nputhighVotage Got, sda) | ——SS—~d a eo | vent |v 

eC re ee 
Fnputhigh Voge @De2,W) | ——~SS—* Wer 08 | Voor |v 

fier ese fe 
[ouput tow votage S125 sores) | la zetma.ver-av | | oa 


Vcc Range for Read Operations 
eae teas series) el A Se ee Eo 


| Voc Write | Write Vec | Vcc Range for Write Operations for Write Operations 


lect Supply Current (Standby) 
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Table 7. AC Characteristics 
(Ta = —40 to 85 °C or —40 to 125 °C; Vcc = 8V to 5.5V or 2V to 5.5V) 


Symbol 


io) 
i) 


; 
300 
300 


3S 
” 


} 


=) 
7) 


Input Rise Time 


= 
o 


ect 
S 


N 


Note: 1. ForareSTART condition, or following a write cycle. 


DEVICE OPERATION (cont'd) 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse the receiver pulls the SDA bus low 
to acknowledge the receipt of the 8 bits of data. 


Data Input. During data input the ST24/25E64D 
sample the SDA bus signal on the rising edge of 
the clock SCL. For correct device operation the 
SDA signal must be stable during the clock low to 
high transition and the data must change ONLY 
when the SCL line is low. 


Device Selection. To start communication be- 
tween the bus master and the slave ST24/25E64D, 
the master must initiate a START condition. The 8 
bits sent after a START condition are made up ofa 
device select of 4 bits that identifies the device type, 
3 Chip Enable bits and one bit for a READ (RW = 
1) or WRITE (RW = 0) operation. There are two 


. 

| tux | ClockLowtoDatautvaid | 00 

200 

toa | CeckFreaueny 

Pe eee 
(SCL & SDA Inputs) 


tr 
tr 
R 
Input Fall Time 
AA 
DH 
ti 


= 
7) 


8 


oO 
oO 


Oo 
© 


4 Hz 


100 


n 


as — 
(ee) ee) 
x 


—_ 
|} 


modes both for read and write. These are summa- 
rised in Table 4 and described hereafter. A commu- 
nication between the master and the slave is ended 
with a STOP condition. 


Memory Addressing. A data byte in the memory 
is addressed through 2 bytes of address informa- 
tion. The Most Significant Byte is sent first and the 
Least significant Byte is sent after. The Least Sig- 
nificant Byte addresses a block of 256 bytes, bits 
b12,b11,b10,b9,b8 of the Most Significant Byte 
select one block among 32 blocks (one block is 256 


bytes). 
Most Significant Byte 


jo | o | o | bra | bit | bt0 | bo | be | 


Least Significant Byte 


_b7 | be | 65 | b4 | bs | be | bt | bo | 
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Figure 5. AC Waveforms 
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t 
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' 
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SDA ' SDA STOP & | 
INPUT CHANGE BUS FREE 


i 


WRITE CYCLE. ———»<«—__—___» 


START 
CONDITION 
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Figure 6. 12C Bus Protocol 


START SDA SDA 
INPUT CHANGE - 


CONDITION 


CONDITION 


1 2 w) 


a 5 a a 


Write Operations 


Following a START condition the master sends a 
device select code with the RW bit reset to 0’. The 
ST24/25E64D acknowledge this and waits for 2 
bytes of address. These 2 address bytes (8 bits 
each) provide access to any of the 32 blocks of 256 
bytes each. Writing in the ST24/25E64D may be 
inhibited if input pin WC is taken high. 


For the ST24/25E64D versions, any write com- 
mand with WC = 1 (during a period of time from the 
START condition untill the end of the 2 Bytes 
Address) will not modify data and will NOT be 
acknowledged on data bytes, as in Figure 9. 
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STOP 
CONDITION 


ge 
STOP 
CONDITION 
VA00792 


Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
ST24/25E64D. The master then terminates the 
transfer by generating a STOP condition. 


Page Write. The Page Write mode allows up to 32. 
bytes to be written in a single write cycle, provided 
that they are all located in the same row of 32 bytes 
in the memory, that is the same Address bits (b12 
to b5). The master sends one up to 64 bytes of data, 
which are each acknowledged by the 
ST24/25E64D. After each byte is transfered, the 
internal byte address counter (5 Least Significant 
Bits only) is incremented. The transfer is terminated 
by the master generating a STOP condition. Care 
must be taken to avoid address counter ’roll-over’ 
which could result in data being overwritten. 
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Note that for any write mode, the generation by the 
master of the STOP condition starts the internal 
memory program cycle. This STOP condition will 
trigger an internal memory program cycle only if the 
STOP condition is internally decoded right after the 
ACK bit; any STOP condition decoded out of this 
"10th bit" time slot will not trigger the internal pro- 
gramming cycle. All inputs are disabled until the 
completion of this cycle and the ST24/25E64D will 
not respond to any request. 

Minimizing System Delay by Polling On ACK. 
During the internal Write cycle, the ST24/25E64D 
disable itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the Write time (tw) is given in the 


Figure 7. Write Cycle Polling using ACK 
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AC Characteristics table, this timing value may be 
reduced by an ACK polling sequence issued by the 
master. The sequence is: 


— Initial condition: a Write is in progress (see Figure 
7). 

— Step 1: the Master issues a START condition 
followed by a Device Select byte. (1st byte of 
the new instruction) 


— Step 2: if the ST24/25E64D are internally writing, 
no ACK will be returned. The Master goes back 
to Step1. If the ST24/25E64D have terminated 
the internal writing, it will issue an ACK. The 
ST24/25E64D are ready to receive the second 
part of the instruction (the first byte of this in- 
struction was already sent during Step1). 


WRITE Cycle 
in Progress 
START Condition 


DEVICE SELECT 
with RW = 0 


ACK 
Returned 
YES 


Operation is 
RANDOM ADDRESS 
READ or WRITE 


Proceed 
Next Instruction 


ISSUE the 
Second Part of 
the Instruction 


VA01099 
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Read Operations 


On delivery, the memory content is set at all "1’s" 
(or FFh). 


Current Address Read. The ST24/25E64D have 
an internal 13 bits address counter. Each time a 
byte is read, this counter is incremented. For the 
Current Address Read mode, following a START 
condition, the master sends a Device Select with 
the RW bit set to 1’. The ST24/25E64D acknow- 
ledge this and outputs the byte addressed by the 
internal address counter. This counter is then incre- 
mented. The master does NOT acknowledge the 
byte output, but terminates the transfer with a 
STOP condition. 


Random Address Read. A dummy write is per- 
formed to load the address into the address 
counter, see Figure 10. This is followed by another 
START condition from the master and the byte 
address repeated with the RW bit set to 1’. The 
ST24/25E64D acknowledge this and outputs the 
byte addressed. The master does NOT acknow- 
ledge the byte output, but terminates the transfer 
with a STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
$T24/25E64D continue to output the next byte in 


Figure 8. Write Modes Sequence with Write Control = 0 


ee a Peo 


ACK 


ACK ACK ACK 


i Deve oor || Tare aboe |! oan |! 


START R 


SLOP 


ACK 
PAGE WRITE 


START R 


WC 
(cont'd) 


ACK ACK 
NT 


PAGE WRITE 
(cont'd) 


Lo) A er re ITA SGS-TH 


ACK ACK ACK 


il eve abe |! eye bee [reare || ConA 2 
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Figure 9. Write Modes Sequence with Write Control = 1 


ACK 


ACK NO ACK 


7 sey $27], avi oe || Care poe | ban]! 


START RW 


STOP 


ee ls t~—S 


ACK 
PAGE WRITE 


START RW 


We 
(cont'd) 


NO ACK NO ACK 


[CSM 


STOP 


PAGE WRITE 
(cont'd) 


sequence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat- 
ically incremented after each byte output. After a 
count of the last memory address, the address 


TL Cee EC], | Care | Cae | AE 


ACK NO I 


DATA IN Ea 


VA01120 


counter will roll-over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24/25E64D wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25E64D termi- 
nate the data transfer and switch to a standby state. 
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Figure 10. Read Modes Sequence 


ACK NO ACK 


CURRENT 
ee Mics 2aUPCSOCIN i 


READ START STOP 


ACK ACK ACK ACK NO ACK 


pn MAS TESES ens EE ML Cet SS TLCS LL 


ACK ACK ACK NO ACK 


ae PERE T ae 
pesca fi DATA OUT 1 oak DATA OUT N a 


READ START STOP 


ACK ACK ACK ACK 


Pano Tae ILESET eDceooee Li 


REDD START RW START 


ACK NO ACK 


=)- 
, | DATA OUT N 2 


STOP VA01255 


Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 4th byte) must be identical. 
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ORDERING INFORMATION SCHEME 


Example: ST24E64D M 1 TR 
24 3Vto5.5V TR Tape & Reel 
25 2V 10 5.5V Pacsing 
E Extended D CMOS F4 B  PSDIP8 3* -40to 125°C 
Addressing Tech. 0.25mm ; 
Frame 6 -40to 85°C 
M SO8 
208mil 
Width 


Note: 3* Temperature range on request only. 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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ST93C06 
ST93SC06C 


SERIAL ACCESS CMOS 256 bit (16 x 16 or 32 x 8) EEPROM 


=» MINIMUM 1 MILLION ERASE/WRITE CYCLES, 
with OVER 10 YEARS DATA RETENTION 


= DUAL ORGANIZATION: 16 x 16 or 32 x 8 


=» BYTE/WORD and ENTIRE MEMORY PRO- 
GRAMMING INSTRUCTIONS 


= SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 


= READY/BUSY SIGNAL DURING PROGRAM- 
MING 


= SINGLE SUPPLY VOLTAGE 
— 5V+10% for ST93C06 version 
— 3V to 5.5V for ST93CO6C version 
= SEQUENTIAL READ OPERATION 
=» 5ms TYPICAL PROGRAMMING TIME 


» ENHANCED ESD/LATCH UP PERFOR- 
MANCES for "C" VERSION 


DESCRIPTION 


The ST93C06 and ST93CO6C are 256 bit Electri- 
cally Erasable Programmable Memory (EEPROM) 
fabricated with SGS-THOMSON’s High Endurance 
single Polysilicon CMOS technology. In the text the 
two products are referred to as ST93CO06. 


The memory is divided into either 32 x 8 bit bytes 
or 16 x 16 bit words. The organization may be 
selected by a signal applied on the ORG input. 


The memory is accessed through a serial input (D) 
and by a Set of instructions which includes Read a 


Table 1. Signal Names 


[0 | Serial Data input 
fa | SeriaiDataOutput 


Organisation Select 
Supply Voltage 


October 1993 


1 


PSDIP8 (B) 


SO8 (M) 
0.4mm Frame 


Figure 1. Logic Diagram 


S1335C06 


STISCO6BC 


VA00816B 
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ST93C06, ST93C06C 


Figure 2A. DIP Pin Connections 


SI93C06 
S19 SC06C 


VA0081 7B 


Warning: DU = Don't Use 


Table 2. Absolute Maximum Ratings ™ 


Parameter 


Ambient Operating Temperature 


TstG 


TLEAD 


Storage Temperature 


Lead Temperature, Soldering (SO8 package) 40 sec 
(PSDIP8 package) 10 sec 


Figure 2B. SO Pin Connections 


SoC OG 
S19 SC06C 


VAQ00818B 


Warning: DU = Don’t Use 


0 to 70 
—40 to 125 
—40 to 85 


sec 


215 0 


grade 1 
grade 3 
grade 6 


) Vio | Input or Output Voltages (Q = Vou or Hi-Z) —0.3 to Vcc +0.5 — 
noe Supply Voltage —0.3 to 6.5 


Electrostatic Discharge Voltage (Human Body model) (2) 


Vesp 


Electrostatic Discharge Voltage (Machine model) (3) 


ST93C06 
ST93C06C 


ST93C06 
ST93C06C 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended penods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3. EIAJ IC-121 (Condition C) (200pF, 0 2). 


DESCRIPTION (cont'd) 


byte/word, Write a byte/word, Erase a byte/word, 
Erase All and Write All. A Read instruction loads the 
address of the first byte/word to be read into an 
internal address pointer. The data contained at this 
address is then clocked out serially. The address 
pointer is automatically incremented after the data 
is output and, if the Chip Select input (S) is held 
High, the ST93C06 can output a sequential stream 
of data bytes/words. In this way, the memory can 
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be read as a data stream from 8 to 256 bits long, 
or continuously as the address counter automati- 
cally rolls over to OO when the highest address is 
reached. 


Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc- 
tion. The Write instruction writes 8 or 16 bits at one 
time into one of the 32 bytes or 16 words. After the 
Start of the programming cycle a Busy/Ready signal 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input Timing Reference Voltages 1V to 2.0V 

Output Timing Reference Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data 

is no longer driven. INPUT a esses 


Table 3. Endurance and Data Retention Guarantees 


Device Endurance Data Retention 
E/W Cycles Years 


Table 4. Capacitance ™) (Ta = 25 °C, f= 1 MHz) 


Note: 1. Sampled only, not 100% tested. 


Table 5. DC Characteristics (Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; 
Voc = 5V + 10% for ST93C06 and Vcc = 3V to 5.5V for ST938CO06C) 


fe Test Condition Be} tat 


| ty | InputLeakage Curent =i Leakage Current OV <VinS Vcc 


OV < Vout S$ Vcc, 


Supply Current (TTL Inputs) S = Vin, f= 1 MHz an ae ae 
Supply Current (CMOS Inputs) S=Vuf=iMHz | | 


ee se 

see {tote 
ae a Se ae Ee 
prem __ eee 
Output High Voltage lon = | ton =—400A | ee | 
oe ee 
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Table 6. AC Characteristics (Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; 
Voc = 5V + 10% for ST93C06 and Vcc = 8V to 5.5V for ST93CO6C) 


Symbol | ait | Parameter | Test Condition | in | Max | Unit_ 
| tsicn | toss | ChipSelectHighto tock ign || 80 | ns 
[oven _| tos | InputValidto clockHioh || tT ns 


Temp. Range:grade1| 100 | | _ns_ 
tcHDx toiH Clock High to Input Transition 
Temp. Range: 
grades 3, 6 


| tovor | tro | Clock HightoOutputlow | | 800 ns 
| tcrov | teor | ClockHighto Output vad ||| 800 | ns 
| tas. | tosi [ClockLowtoChipSelect Transition | || ns 
ins | 
| trav | tev | ChipSelectHigh to Outputvaid | 
| tsar | tor | ChipSelectLowtoOutputHiz | 
i | Note2 
WP i 
fsk 


Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tstsH) between consecutive instruction cycles. 
2. The Clock frequency specification calls for a minimum clock period of 1 ps, therefore the sum of the timings tcuet + tercH 
must be greater or equal to 1 ps. For example, if tcrict is 250 ns, then tctc must be at least 750 ns. 


t 
t 
t 
Clock High to Clock Low Note 2 
t 


Figure 4. Synchronous Timing, Start and Op-Code Input 
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Figure 5. Synchronous Timing, Read or Write 


tDVCH 


| 


i re 


Hi=Z 


SSS ADDRESS INPUT ————> 


tD VCH tCHDX 


DESCRIPTION (cont'd) 


is available on the Data output (Q) when Chip 
Select (S) is driven High. The design of the 
ST93C06 and the High Endurance CMOS technol- 
ogy used for its fabrication give a minimum 
Erase/Write cycle Endurance of 1,000,000 cycles 
and a data retention of over 10 years. 
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<=  DALA QUIRU): ———— 


VA00820C 


tSHQV 


BUSY READY 


'¢— WRITE CYCLE aaa 


VA00821B 


The DU (Don’t Use) pin does not affect the function 
of the memory and it is reserved for use by SGS- 
THOMSON during test sequences. The pin may be 
left unconnected or may be connected to Vcc or 
Vss. Direct connection of DU to Vss is recom- 
mended for the lowest standby power consump- 
tion. 
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MEMORY ORGANIZATION 


The ST93C06 is organized as 32 bytes x 8 bits or 
16 words x 16 bits. If the ORG input is left uncon- 
nected (or connected to Vcc) the x16 organization 
is selected, when ORG is connected to Ground 
(Vss) the x8 organization is selected. When the 
ST93C06 is in standby mode, the ORG input 
should be unconnected or set to either Vit or Vin in 
order to achieve the minimum power consumption. 
Any voltage between Vit and Vin applied to ORG 
may increase the standby current value. 


POWER-ON DATA PROTECTION 


In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. When Vcc reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vcc must be applied before 
any logic signal. 


INSTRUCTIONS 


The ST93C06 has seven instructions, as shown in 
Table 7. The op-codes of the instructions are made 
up of 4 bits: some instructions use only the first two 
bits, others use all four bits to define the op-code. 
The op-code is followed by an address for the 
byte/word which is four bits long for the x16 orga- 
nization or five bits long for the x8 organization. 


Table 7. Instruction Set 


Write All Memory 
with same Data 


WRAL 


Note: X = don’t care bit. 


ewe | eresstric crave | oot | sooo [| e0a | 
wos | eresew osebe | ooo | wooo || 000 | 
erase | ersesyeorwoe | rmx | sooo | | oon | 
erat |  erseaomey | —eoro | voaox [|e | 


0001 XXXXX D7-DO 


Each instruction starts with the rising edge of the 
signal applied on the S input, followed by a first 
clock pulse which is ignored by the ST93C06 op- 
tional clock pulse for the ST93CO6C. The data input 
D is then sampled upon the following rising edges 
of the clock C untill a’1’ is sampled and decoded 
by the ST93C06 as a Start bit. Even though the first 
clock pulse is ignored, it recommended to pull low 
the data input D during this first clock pulse in order 
to keep the timing upwardly compatible with other 
ST93Cxx devices. 


The ST93C06 is fabricated in CMOS technology 
and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 6). 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de- 
coded and the data from the memory is transferred 
into an output shift register. Adummy ’0’ bit is output 
first followed by the 8 bit byte or the 16 bit word with 
the MSB first. Output data changes are triggered 
by the Low to High transition of the Clock (C). The 
ST93C06 will automatically increment the address 
and will clock out the next byte/word as long as the 
Chip Select input (S) is held High. In this case the 
dummy ’0’ bit is NOT output between bytes/words 
and a continuous stream of data can be read. 


Erase/Write Enable and Disable 


The Erase/Write Enable instruction (EWEN) autho- 
rizes the following Erase/Write instructions to be 


x8 Org 
Address 


A3-A0 Q15-Q0 


XXXX D15-D0 
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Figure 6. READ, WRITE, EWEN, EWDS Sequences 
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-\- 
[1s ]ofx'x{ar “Aq 


AO 3. 
' CODE : ADDR } 


sottatatatattatet ot 


DATA QUT 


. _ ; 
)i Jol s[x'x] An Ag] Dn 


‘ OP 
: CODE : ADDR: 


ERASE S$ | | 
WRITE 
= 
D [i]oofia[xn xo] 
! op 


ENABLE 
cle ba: 


Notes: 1. An: n= 5 for x16 org. and 6 for x8 org. 
2. Xn: n= 3 for x16 org. and 4 for x8 org. 


executed, the Erase/Write Disable instruction 
(EWDS) disables the execution of the following 
Erase/Write instructions. When power is first ap- 
plied, the ST93C06 enters the Disable mode. 
When the Erase/Write Enable instruction (EWEN) 
is executed, Write instructions remain enabled until 
an Erase/Write Disable instruction (EWDS) is exe- 
cuted or if the Power-on reset circuit becomes 
active due to a reduced Vcc. To protect the memory 
contents from accidental corruption, it is advisable 
to issue the EWDS instruction after every write 
cycle. 


The READ instruction is not affected by the EWEN 
or EWDS instructions. 


DATA IN 


CHECK 
( STATUS | 


Sea: kaa Ow 


| IBUSY! READY | 


ERASE S | | 


WRITE 
DISABLE 


= 
D [1]0,0,0,0[xn xo] 
2a 


‘ CODE ! 
VA00822C 


Erase 


The Erase instruction (ERASE) programs the ad- 
dressed memory byte or word bits to ’1’. Once the 
address is correctly decoded, the falling edge of the 
Chip Select input (S) triggers a self-timed erase 
cycle. 


If the ST93C06 is still performing the erase cycle, 
the Busy signal (Q = 0) will be returned if S is driven 
high, and the ST93C06 will ignore any data on the 
bus. When the erase cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93C06 is ready to receive a new instruction. 
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Figure 7. ERASE, ERAL Sequences 


ERASE. -S | | | 


CHECK 
STATUS 


j ] ‘bashe X{An aL 


‘OP | oe : : 
CODE | ADDR ! ‘BUSY! READY: 


id U ce 


CHECK 
STATUS 


-,- 
| Jo of: lofkn cE 
OP DUMMY! I 3 
‘ CODE : ADDR | BUSY; READY: 


VA00823 


Notes: 1. An: n =5 for x16 org. and 6 for x8 org. 
2. Xn:n =3 for x16 org. and 4 for x8 org. 


Figure 8. WRAL Sequence 


WRITE S | | 


ALL | CHECK | 


ad Goa coed feed ined eee ee ed teed eel endl STATUS 
D [:]0,0 of] xn xo[or 
a ay ee es ee ee ee ee ee ee 


OP DUMMY: ea ! : 
;CODE :ADDR | DATA IN ' BUSY: READY: 


VA00824 


Note: 1 Xn:n=8 for x16 org. and 4 for x8 org. 
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INSTRUCTION (cont'd) 


Write 


The Write instruction (WRITE) is followed by the 
address and the 8 or 16 data bits to be written. Data 
input is sampled on the Low to High transition of 
the clock. After the last data bit has been sampled, 
Chip Select (S) must be brought Low before the 
next rising edge of the clock (C) in order to start the 
self-timed programming cycle. lf the ST93C06 is 
still performing the write cycle, the Busy signal (Q 
= 0) will be returned if S is driven high, and the 
ST93C06 will ignore any data on the bus. When the 
write cycle is completed, the Ready signal (Q = 1) 
will indicate (if S is driven high) that the ST93C06 
is ready to receive a new instruction. Programming 
is internally self-timed (the external clock signal on 
C input may be disconnected or left running after 
the start of a programming cycle) and does not 
require an Erase instruction prior to the Write in- 
struction (The Write instruction includes an auto- 
matic erase cycle before programing data). 


Erase All 


The Erase All instruction (ERAL) erases the whole 
memory (all memory bits are set to ’1’). A dummy 
address is input during the instruction transfer and 
the erase is made in the same way as the ERASE 
instruction. If the ST93C06 is still performing the 
erase cycle, the Busy signal (Q=0) willbe returned 
if S is driven high, and the ST93C06 will ignore any 
data on the bus. When the erase cycle is com- 
pleted, the Ready signal (Q = 1) will indicate (if S 
is driven high) that the ST93C06 is ready to receive 
a new instruction. 


ST93C06, ST93CO6C 


Write All 


For correct operation, an ERAL instruction should 
be executed before the WRAL instruction: the 
WRAL instruction DOES NOT perform an auto- 
matic erase before writing. The Write All instruction 
(WRAL) writes the Data Input byte or word to all the 
addresses of the memory. If the ST93C06 is still 
performing the write cycle, the Busy signal (Q = 0) 
will be returned if S is driven high, and the ST93C06 
will ignore any data on the bus. When the write 
cycle is completed, the Ready signal (Q = 1) will 
indicate (if S is driven high) that the ST93C06 is 
ready to receive a new instruction. 


READY/BUSY Status 


During every programming cycle (after a WRITE, 
ERASE, WRAL or ERAL instruction) the Data Out- 
put (Q) indicates the Ready/Busy status of the 
memory when the Chip Select (S) is driven High. 
Once the ST93C06 is Ready, the Ready/Busy sta- 
tus is available on the Data Output (Q) until a new 
Start bit is decoded or the Chip Select (S) is brought 
Low. 


COMMON I/O OPERATION 


The Data Output (Q) and Data Input (D) signals can 
be connected together, through a current limiting 
resistor, to form a common, one wire data bus. 
Some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AQ) and the first data bit output by Q. The reader 
may also refer to the SGS-THOMSON application 
note "Microwire 
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ORDERING INFORMATION SCHEME 


Example: ST93C06C M 1 013TR 


Temperature Range 


blank CMOS F3 B PSDIP8 re 1 Oto 70°C 013TR Tape & Reel 
Tech. 0.4mm Frame 3 -40t0 125°C Packing 
ee deen a Ee 6 40 to 85°C 


Note: 1. ST93C08CB1 is available with 0.25mm lead Frame only. 


Parts are shipped with the memory content set at all '"1’s" (FFFFh for x16, FFh for x8). 

For a list of available options (Package, Temperature Range, etc...) refer to the Selector Guide in this Data 
Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact S@S-THOMSON Sales Office nearest 
to you. 
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f, (MICROELECTRONICS 


MSON ST93C46A, ST93C46C 


ST93C46T 


SERIAL ACCESS CMOS 1K bit (64 x 16 or 128 x 8) EEPROM 


MINIMUM 1 MILLION ERASE/WRITE CYCLES, 
with OVER 10 YEARS DATA RETENTION 


a DUAL ORGANIZATION: 64 x 16 or 128 x8 


» BYTE/WORD and ENTIRE MEMORY PRO- 
GRAMMING INSTRUCTIONS 


e SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 


READY/BUSY SIGNAL DURING PROGRAM- 
MING 


ea SINGLE SUPPLY VOLTAGE 


— 5V +10% for ST938C46A and ST93C46T ver- 
sions 


— 3V to 5.5V for ST938C46C version 
=» SEQUENTIAL READ OPERATION 
a 5ms TYPICAL PROGRAMMING TIME 


® ENHANCED ESD/LATCH UP PERFOR- 
MANCES for "C" VERSION 


DESCRIPTION 


This specification covers a range of 1K bit 
EEPROM products, the ST938C46A, ST93C46C 
and ST93C46T. In the text, products are referred 
to as ST93C46. 


The ST93C46 is a 1K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Poly- 
silicon CMOS technology. The memory is ac- 
cessed through a serial input (D) and output (Q). 


Table 1. Signal Names 


es 
[ose bata oun 


Organisation Select 
Supply Voltage 


October 1993 


1 


PSDIP8 (B) 
0.4mm Frame 


Figure 1. Logic Diagram 


ST93C46A 
ST9SC46C 


ST9SC46T 


VA00871B 
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Table 2. Absolute Maximum Ratings ™ 


Ambient Operating Temperature grade 1 
grade 3 
grade 6 —40 to 85 


Storage Temperature —65 to 150 


TLEAD Lead Temperature, Soldering (SO8 package) 40 sec 215 °C 
(PSDIP8 package) 10 sec 260 


Input or Output Voltages (Q = Von or Hi-Z) —0.3 to Voc +0.5 
Supply Voltage —0.3 to 6.5 


Electrostatic Discharge Voltage (Human Body model) ® = ST93C46A,T 
ST93C46C 


Electrostatic Discharge Voltage (Machine model) (9) ST93C46 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum ba ea 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 22). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 


Figure 2A. DIP Pin Connections Figure 2B. SO, 90° Turn, Pin Connections 


ST9OSC46A 


STO3C4EC ST9SC46T 


VA00872B eee 
Warning: DU = Don't Use Warning: DU = Don’t Use 
Figure 2C. SO Pin Connections DESCRIPTION (cont'd) 


as 1K bit pene is divided into either 128 x 8 bit 
ytes or 64 x 16 bit words. The organization may 
STISC46A be selected by a signal on the ORG input. 


ST94C46C 


The memory is accessed by a set of instructions 
which includes Read a byte/word, Write a 
byte/word, Erase a byte/word, Erase All and Write 
All. 


A Read instruction loads the address of the first 
byte/word to be read into an internal address 
pointer. The data is then clocked out serially. 


VA00874B The address pointer is automatically incremented 
after the data is output and, if the Chip Select input 
(S) is held High, the ST93C46 can output a sequen- 
Warning: DU = Don't Use tial stream of data bytes/words. In this way, the 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input Timing Reference Voltages 1V to 2.0V 

Output Timing Reference Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data 

is no longer driven. ca eee 


Table 3. Endurance and Data Retention Guarantees 


Device Endurance Data Retention 
E/w aa a 


ST93C46A, | steacasa,stescast | 1 | 4,900,000 000 


Table 4. Capacitance ™) (T, = 25 °C, f = 1 MHz) 


Note: 1. Sampled only, not 100% tested. 


Table 5. DC Characteristics (Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; 
Voc = 5V + 10% for ST93C46A, C46T and Voc = = 3V to 5.5V for ST93C46C) 


rte Test Condition Ca To 


| ty | Input Input Leakage Current = Current OV < Vins Vec 


Sere are es Current (TTL Inputs) S = Vu, f= 1 MHz ar ae oe 
| Supply Current (CMOS Inputs) Current (CMOS Inputs) S = Vin, f= 1 MHz a 


| vn __[imputtowvotage | Tot || 

"a input High Votage ee ae ks ae 
VoL Output Low Voltage ew a = 

lo. = 10 HA iste ft 


Output High Voltage loH = | tons -400uA a ee 
oe eee 
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Table 6. AC Characteristics (Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; 
Voc = 5V + 10% for ST93C46A, C46T and Vcc = 8V to 5.5V for ST93C46C) 


Chip Select High to Clock High 
Input Valid to Clock High 


t t Clock High to Input Transition 
CHDX ao g P Temp. Range: 
grades 3, 6 


Teor [tou | ocktowteciescrin | now (| a0 | [ew 
K 


W 


Notes: 1. Chip Select must be brought low for a minimum of 250 ns (ts_sH) between consecutive instruction cycles. 
2. The Clock frequency specification calls for a minimum clock penod of 1 ps, therefore the sum of the timings tcuct + tcicH 
must be greater or equal to 1 ps. For example, if tcc. is 250 ns, then tc.cx must be at least 750 ns. 


Figure 4. Synchronous Timing, Start and Op-Code Input 


START “— OP CODE INPUT —» 


VAQ0875 
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Figure 5. Synchronous Timing, Read or Write 


tDVCH a me 


t 
' 
‘ 
‘ 


<————— ADORESS: INPUT == 


tDVCH tCHDX 


DESCRIPTION (cont'd) 


memory can be read as a data stream from 8 to 
1024 bits long, or continuously as the address 
counter automatically rolls over to 00 when the 
highest address is reached. 


Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc- 
tion. The Write instruction writes 8 or 16 bits at one 
time into one of the 128 bytes or 64 words. After 
the start of the programming cycle a Busy/Ready 
signal is available on the Data output (Q) when 
Chip Select (S) is High. 


ST93C46A, ST93C46C, ST93C4E6T 


tCHQV 


<————— DATA oO ea 


VA00820C 


tSHQV 


BUSY _ JREADY 


= WRITE CYCLE ——> 


VA00821B 


An internal feature of the ST93C46 provides 
Power-on Data Protection by inhibiting any opera- 
tion when the Supply is too low. 


The design of the ST93C46 and the High Endur- 
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1,000,000 cycles and a data retention of over 10 
years. 


The DU (Don’t Use) pin does not affect the function 
of the memory and it is reserved for use by SGS- 
THOMSON during test sequences. The pin may be 
left unconnected or may be connected to Vcc or 
Vss. Direct connection of DU to Vss is recom- 
mended for the lowest standby power consump- 
tion. 
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MEMORY ORGANIZATION 


The ST93C46 is organised as 128 bytes x 8 bits or 
64 words x 16 bits. If the ORG input is left uncon- 
nected (or connected to Vcc) the x16 organization 
is selected, when ORG is connected to Ground 
(Vss) the x8 organization is selected. When the 
ST93C46 is in standby mode, the ORG input 
should be unconnected or set to either Vit or Vin in 
order to get minimum power consumption. Any 
voltage between Vit and Vin applied to ORG may 
increase the standby current value. 


POWER-ON DATA PROTECTION 


During power-up, A Power On Reset sequence is 
run in order to reset all internal programming cir- 
cuitry and the device is set in the Write Disable 
mode. When Vcc reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. 


INSTRUCTIONS 


The ST93C46 has seven instructions, as shown in 
Table 7. Each instruction Starts with the rising edge 
of the signal applied on the S input, followed by a 
‘1’ read on D input during the rising edge of the 
clock C. The op-codes of the instructions are made 
up of the 2 following bits. Some instructions use 
only these first two bits, others use also the first two 
bits of the address to define the op-code. The 
op-code is followed by an address for the byte/word 
which is made up of six bits for the x16 organization 
or seven bits for the x8 organization. 


Table 7. Instruction Set 


| READ | Read Data from | Read Data from Memory 


EWEN Erase/Write Enable 


ERAL Erase All Memory 


Note: X = don't care bit. 


x16 Org 
Description Op-Code (onGco Address 
= eer s os = 8 


aC eee oe ae 
ee ce 
[ss_[emeeomie | 0» | wponr| [onan | 
Se 

Feecac [ 


WRAL Write All Memory with same Data | oo 01XXXXX D7-DO O1XXXX D15-D0 


The ST93C46 is fabricated in CMOS technology 
and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 6). 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de- 
coded and the data from the memory is transferred 
into an output shift register. Adummy ’0’ bit is output 
first followed by the 8 bit byte or the 16 bit word with 
the MSB first. Output data changes are triggered 
by the Low to High transition of the Clock (C). The 
ST93C46 will automatically increment the address 
and will clock out the next byte/word as long as the 
Chip Select input (S) is held High. In this case the 
dummy ’0’ bit is NOT output between bytes/words 
and a continuous stream of data can be read. 


Erase/Write Enable and Disable 


The Erase/Write Enable instruction (EWEN) autho- 
rizes the following Erase/Write instructions to be 
executed, the Erase/Write Disable instruction 
(EWDS) freezes the execution of the following 
Erase/Write instructions. When power is first ap- 
plied to the ST93C46, Erase/Write is inhibited. 
When the EWEN instruction is executed, Write 
instructions remain enabled until an Erase/Write 
Disable instruction (EWDS) is executed or Vcc falls 
below the power-on reset threshold. To protect the 
memory contents from accidental corruption, it is 
advisable to issue the EWDS instruction after every 
write cycle. 


The READ instruction is not affected by the EWEN 
or EWDS instructions. 


x8 Org 


A6- | As-ao | Q7- | a7-a0 | A5- | as-a0 | Q15- | a1s-co_| 


10XXXXX 1OXXXX 
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Erase 


The Erase instruction (ERASE) programs the ad- 
dressed memory byte or word bits to ’1’. Once the 
address is correctly decoded, the falling edge of the 
Chip Select input (S) starts a self-timed program- 
ming cycle. 


If the ST93C46 is still performing the write cycle, 
the Busy signal (Q = 0) will be returned if S is driven 
high, and the ST93C46 will ignore any data on the 
bus. When the write cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93C46 is ready to receive a new instruction. 


Write 


The Write instruction (WRITE) is followed by the 
address and the 8 or 16 data bits to be written. Data 


ST93C46A, ST93C46C, ST93C46T 


input is sampled on the Low to High transition of 
the clock. After the last data bit has been sampled, 
Chip Select (S) must be brought Low before the 
next rising edge of the clock (C), in order to start 
the self-timed programming cycle. If the ST93C46 
is still performing the write cycle, the Busy signal 
(Q = 0) will be returned if S is driven high, and the 
ST93C46 will ignore any data on the bus. When the 
write cycle is completed, the Ready signal (Q = 1) 
will indicate (if S is driven high) that the ST938C46 
is ready to receive a new instruction. 


The Write instruction includes an automatic Erase 
cycle before writing the data, it is therefore unnec- 
essary to execute an Erase instruction before a 
Write instruction execution. 


Figure 6. READ, WRITE, EWEN, EWDS Sequences 


= 
| 1 lofan Ad 
a : sa al al Ye fe! ae fa Sed eo 
— gop — 
Ait ete 


‘OP! ADDR DATA OUT 
CODE 


== ol bed bend Ded Ded ed Ded Det ed 
|: Jol] ar Ad Dn 
= Jistetetolercicicr. 


' IBUSY! READY: 


ERASE S | | 
WRITE 
-\- 
D )+]0,0,0,0]xn “xo| 


DISABLE 
‘OP! 


CODE 


‘OP! ADDR DATA IN 
CODE 


-\~ 
io of i fxn xo] 


‘OP! 
CODE 


ERASE 
WRITE 
ENABLE 


VA00878B 


Notes: 1. An: n = 5 for x16 org. and 6 for x8 org. 
2. Xn: n=3 for x16 org. and 4 for x8 org. 
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Erase All 


The Erase All instruction (ERAL) erases the whole 
memory (all memory bits are set to "1"). Adummy 
address is input during the instruction transfer and 
the erase is made in the same way as the ERASE 
instruction above. If the ST93C46 is still performing 
the write cycle, the Busy signal (Q = 0) will be 
returned if S is driven high, and the ST93C46 will 
ignore any data on the bus. When the write cycle 
is completed, the Ready signal (Q = 1) will indicate 
(if S is driven high) that the ST93C46 is ready to 
receive a new instruction. 


Write All 


For correct operation, an ERAL instruction should 
be executed before the WRAL instruction. 


The Write All instruction (WRAL) writes the Data 
Input byte or word to all the addresses of the 
memory. In the WRAL instruction, NO automatic 
erase is made so all bytes/words must be erased 
before the WRAL instruction. If the ST93C46 is still 
performing the write cycle, the Busy signal (Q = 0) 
will be returned if S is driven high, and the ST93C46 
will ignore any data on the bus. When the write 


Figure 7. ERASE, ERAL Sequences 


cycle is completed, the Ready signal (Q = 1) will 
indicate (if S is driven high) that the ST93C46 is 
ready to receive a new instruction. 


READY/BUSY Status 


During every programming cycle (after a WRITE, 
ERASE, WRAL or ERAL instruction) the Data Out- 
put (Q) indicates the Ready/Busy status of the 
memory when the Chip Select is driven High. Once 
the ST93C46 is Ready, the Data Output is set to ’1’ 
until a new start bit is decoded or the Chip Select 
is brought Low. 


COMMON I/O OPERATION 


The Data Output (Q) and Data Input (D) signals can 
be connected together, through a current limiting 
resistor, to form a common, one wire data bus. 
Some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AO) and the first data bit output by Q. The reader 
should refer to the SGS-THOMSON application 
note "Microwire EEPROM Common 1|/O Opera- 
tion". 


ERASE: <5 | | | | 


CHECK 
= “STAIS:. = 


=e 
I i ifan "AOL | 3 


‘OP! ADDR 


CODE 


' IBUSY! READY! 


i LU lee 


' CHECK | 
.. “STATUS: 3 


)*]0, of Jofxn xq 
a 


‘OP: ADDR 


CODE 


Notes: 1. An: n = 5 for x16 org. and 6 for x8 org. 
2. Xn: n= 3 for x16 org. and 4 for x8 org. 


{BUSY READY: 
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Figure 8. WRAL Sequence 


WRITE = | | | | 


ALL CHECK 
STATUS 


ba oe bed Deed eel end eed ee eed Deed eed : 
D )i]o,0.0f1] xn xolon 0] 
nby fre whaleloatolatalitol L 


‘OP! ADDR! DATA IN ' ‘BUSY! READY: 


CODE VA00880 


Note: 1. Xn: n=3 for x16 org. and 4 for x8 org. 


ORDERING INFORMATION SCHEME 


Example: ST93C46A M 1 0O13TR 


Temperature Range 


A CMOS F3 Tech. B PSDIP8 1 Oto 70°C 013TR Tape & Reel 


(1) 
C CMOS F4 Tech. ae 3 -40 to 125°C hea 


M S08 - 
T CMOS F8 Tech. 6 40 to 85 °C TR Tape & Reel 
90° Turn pin out Packing 


(C version) 


Note: 1. ST93C46CB1 Is available in 0.25mm lead Frame only. 


Parts are shipped with the memory content set at all "1’s" (FFFFh for x16, FFh for x8). 


For a list of available options (Revision, Package etc...) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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MICROELECTRONICS 


ST93C56 


SERIAL ACCESS CMOS 2k bit (128 x 16 or 256 x 8) EEPROM 


e MINIMUM 1 MILLION ERASE/WRITE CYCLES, 
with OVER 10 YEARS DATA RETENTION 

» DUAL ORGANIZATION: 128 x 16 or 256 x 8 

a BYTE/WORD and ENTIRE MEMORY PRO- 
GRAMMING INSTRUCTIONS 

» SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 

mi Te SIGNAL DURING PROGRAM- 

= SINGLE 5V +10% SUPPLY VOLTAGE 

& SEQUENTIAL READ OPERATION 

a 5ms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST93C56 is a 2K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Poly- 
- silicon CMOS technology. The memory is ac- 
cessed through a serial input (D). 


The memory is divided into either 256 x 8 bit bytes 
or 128 x 16 bit words. The organization may be 
selected by a signal applied on the ORG input. 

The memory is accessed by a set of instructions 
which includes Read a byte/word, Write a 
byte/word, Erase a byte/word, Erase All and Write 
All. A Read instruction loads the address of the first 
byte/word to be read into an internal address 
pointer. The data contained at this address is then 
clocked out serially. The address pointer is auto- 


Table 1. Signal Names 


fo | Seaibaa not 
fa‘ |Seatbae oupat 


October 1993 


PSDIP8 (B) 
0.4mm Frame 


Figure 1. Logic Diagram 


S19S656 


VA00881 
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Figure 2A. DIP Pin Connections 


SI aCO6 


VA00882 


Warning: DU = Don’t Use 


Table 2. Absolute Maximum Ratings “) 


Parameter 


Ambient Operating Temperature 


Storage Temperature 


TLEAD Lead Temperature, Soldering (SO8 package) 
(PSDIP8 package) 


Figure 2B. SO Pin Connections 


5125056 


VA00883 


Warning: DU = Don't Use 


0 to 70 
—40 to 125 
—40 to 85 


—65 to 150 


215 
260 


grade 1 
grade 3 
grade 6 


40 sec 
10 sec 


Input or Output Voltages (Q = Vou or Hi-Z) —0.3 to Vcc +0.5 
Supply Voltage 


Electrostatic Discharge Voltage (Human Body model) @) 
ESD 


Electrostatic Discharge Voltage (Machine model) (3) 


6000 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 22). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 


DESCRIPTION (cont'd) 


matically incremented after the data is output and, 
if the Chip Select input (S) is held High, the 
ST93C56 can output a sequential stream of data 
bytes/words. In this way, the memory can be read 
as a data stream from 8 to 2048 bits long, or 
continuously as the address counter automatically 
rolls over to 00 when the highest address is 
reached. 


Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc- 
tion. The Write instruction writes 8 or 16 bits at one 
time into one of the 256 bytes or 128 words. After 


the start of the programming cycle, a Busy/Ready 
signal is available on the Data output (Q) when 
Chip Select (S) is driven High. 


The design of the ST93C56 and the High Endur- 
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1,000,000 cycles and a data retention of over 10 
years. 


The DU (Don’t Use) pin does not affect the function 
of the memory and it is reserved for use by SGS- 
THOMSON during test sequences. The pin may be 
left unconnected or may be connected to Vcc or 
Vss. Direct connection of DU to Vss is recom- 
mended for the lowest standby power consump- 
tion. 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input Timing Reference Voltages 1V to 2.0V 

Output Timing Reference Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data INPUT OUTPUT 


is no longer driven. 


VA00815 


Table 3. Endurance and Data Retention Guarantees 


Endurance Data Retention 
E/W Cycles Years 


Table 4. Capacitance ™) (Ta = 25 °C, f= 1 MHz) 


Note: 1. Sampled only, not 100% tested. 


Table 5. DC Characteristics (Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 5V + 10%) 


See Test Condition test conaion ie at 


| ty | Input Input Leakage Current = Current OV< Vins | ov Vins Vcc | 


OV < VouT S$ < Voc, 


ES Supply Current (TTL Inputs) S= | S=Vif=1MHz | MHz 


| Supply Current (CMOS Inputs) Current (CMOS Inputs) S = Vin, f = 1 MHz 


a ge mars 


| Va | Input Low |inputLow Voltage sid lh ee 


ee 
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Table 6. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or -40 to 125 °C; Vcc = 5V + 10%) 


symbol | At | Parameter |_TestCondition | Min 
Chip Select High toClock High || 80 
Input Valid to ook High p10 


Temp. Range: grade 1 
tcHDx tolH Clock High to Input Transition 
Temp. Range: 200 
grades 3, 6 


250 

ee 

a 
WP i 
SK 


n 


n 


oi 
oO 
oO 


o1 
oO 
© 
a |] a) 


oO 
io) 
oO 
| 
n 


3 
” 


an 
100 
Ticna | tom | Geakightectekiow =i Cio sf 
Tec | tou | Gktow' Gockrign «| —iNowe aso | 
Tw | we [emcee YC 
we _| te lomraguy |__| 8 | 4 


Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tsisH) between consecutive instruction cycles. 
2. The Clock frequency specification calls for a minimum clock period of 1 ts, therefore the sum of the timings tcxct + tec 
must be greater or equal to 1 ps. For example, if tcuci is 250 ns, then tc.cH must be at least 750 ns 


3 
a 


= 
eB 
N 


Figure 4. Synchronous Timing, Start and Op-Code Input 


OP CODE } OP CODE 


—» START — OP CODE INPUT —» 


VA00875 
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Figure 5. Synchronous Timing, Read or Write 


tDVCH a 


1 
: 
f 


ADDRESS INPUT — 


tDVCH  tCHDX 


MEMORY ORGANIZATION 


The ST93C56 is organized as 256 bytes x 8 bits or 
128 words x 16 bits. If the ORG input is left uncon- 
nected (or connected to Vcc) the x16 organization 
is selected, when ORG is connected to Ground 
(Vss) the x8 organization is selected. When the 
ST93C56 is in standby mode, the ORG input 
should be unconnected or set to either Vit or Vin in 
order to achieve the minimum power consumption. 
Any voltage between Vi_ and Vin applied to ORG 
may increase the standby current value. 


POWER-ON DATA PROTECTION 


In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. When Vcc reaches its functional value, the 
device is properly reset (in the Write Disable mode) 


ST93C56 


tCHQV 


, 


i DATA OU TPUT ———___ 


VA00820C 


BUSY READY 


me WRITE “Cee ome ee 


VA00821B 


and is ready to decode and execute an incoming 
instruction. A stable Vcc must be applied, before 
applying any logic signal. 


INSTRUCTIONS 


The ST93C56 has seven instructions, as shown in 
Table 7. The op-codes of the instructions are made 
up of 2 bits. The op-code is followed by an address 
for the byte/word which is eight bits long for the x16 
organization or nine bits long for the x8 organiza- 
tion. Each instruction starts with the rising edge of 
the signal applied on the Chip Select (S) input. The 
data input D is then sampled upon the following 
rising edges of the clock C untill a 1’ is sampled 
and decoded by the ST93C56 as a Start bit. 


The ST93C56 is fabricated in CMOS technology 
and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 6). 
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Read 


The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de- 
coded and the data from the memory is transferred 
into an output shift register. Adummy ’0’ bit is output 
first, followed by the 8 bit byte or the 16 bit word 
with the MSB first. Output data changes are trig- 
gered by the Low to High transition of the Clock (C). 
The ST93C56 will automatically increment the ad- 
dress and will clock out the next byte/word as long 
as the Chip Select input (S) is held High. In this 
case the dummy ’0’ bit is NOT output between 
bytes/words and a continuous stream of data can 
be read. 


Erase/Write Enable and Disable 


The Erase/Write Enable instruction (EWEN) autho- 
rizes the following Erase/Write instructions to be 
executed, the Erase/Write Disable instruction 
(EWDS) disables the execution of the following 
Erase/Write instructions. When power is first ap- 
plied, the ST93C56 enters the Disable mode. 
When the EWEN instruction is executed, Write 
instructions remain enabled until an Erase/Write 
Disable instruction (EWDS) is executed or Vcc falls 
below the power-on reset threshold. To protect the 
memory contents from accidental corruption, it is 
advisable to issue the EWDS instruction after every 
write cycle. 


The READ instruction is not affected by the EWEN 
or EWDS instructions. 


Erase 


The Erase instruction (ERASE) programs the ad- 
dressed memory byte or word bits to '1’. Once the 


Table 7. Instruction Set 


| READ | Read Data from | Read DatafromMemory | 10 | 


x8 Org x16 2 
Description Op-Code Address, Data Address 
a a 0)" am 1) 


| AB-AO | 


address is correctly decoded, the falling edge of the 
Chip Select input (S) triggers a self-timed erase 
cycle. 


If the ST93C56 is still performing the erase cycle, 
the Busy signal (Q = 0) will be returned if S is driven 
high, and the ST93C56 will ignore any data on the 
bus. When the erase cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93C56 is ready to receive a new instruction. 


Write 


The Write instruction (WRITE) is followed by the 
address and the 8 or 16 data bits to be written. Data 
input is sampled on the Low to High transition of 
the clock. After the last data bit has been sampled, 
Chip Select (S) must be brought Low before the 
next rising edge of the clock (C) in order to start 
the self-timed programming cycle. If the ST93C56 
is still performing the write cycle, the Busy signal 
(Q = 0) will be returned if S is driven high, and the 
ST93C56 will ignore any data on the bus. When the 
write cycle is completed, the Ready signal (Q = 1) 
will indicate (if S is driven high) that the ST938C56 
is ready to receive a new instruction. Programming 
is internally self-timed (the external clock signal on 
C input may be disconnected or left running after 
the start of a programming cycle) and does not 
require an Erase instruction prior to the Write in- 
struction (The Write instruction includes an auto- 
matic erase cycle before programing data). 


Erase All 

The Erase All instruction (ERAL) erases the whole 
memory (all memory bits are set to ’1’). Adummy 
address is input during the instruction transfer and 


the erase is made in the same way as the ERASE 
instruction. If the ST93C56 is still performing the 


| 15-00 | QO 


Q7- | Q7-a0_ | A7- | ATAO 


wre [We Bastoneney [or [A800 [roo | —arao | ren 
| EWEN | EraseMite enable | 00 | axwxromx || tix mmx | 
| wos | EraseMMrite Disable | 00 | ooxxxxxxx | | ooxx mmx | 
| ERASE | EraseByisorword | it | asao || arto | 
| ERAL | ErasealMemory | 00 | toxxxr0x | | toxxr000"_ | 


Write All Memory 
WRAL With camo Dala | 0 | O1XXX XXXX D7-DO 01XX XXXX D15-DO 


Notes: 1. X =don't care bit. 
2. Address bit A8 is not decoded by the ST93C56. 
3. Address bit A7 is not decoded by the ST93C56. 
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Figure 6. READ, WRITE, EWEN, EWDS Sequences 


a 
I ‘ofan ; Ad 


‘OP: ADDR | 
CODE 


=~ 
fi [ofan “A0| Dn 


‘OP! ADDR 
CODE 


ERASE 
WRITE 
ENABLE 


‘OP! 
CODE 


Notes: 1. An: n= 5 for x16 org. and 6 for x8 org. 
2. Xn: n= 3 for x16 org. and 4 for x8 org. 


erase cycle, the Busy signal (Q = 0) willbe returned 
if S is driven high, and the ST93C56 will ignore any 
data on the bus. When the erase cycle is com- 
pleted, the Ready signal (Q = 1) will indicate (if S 
is driven high) that the ST93C56 is ready to receive 
a new instruction. 


Write All 


For correct operation, an ERAL instruction should 
be executed before the WRAL instruction: the 
WRAL instruction DOES NOT perform an auto- 
matic erase before writing. The Write All instruction 
(WRAL) writes the Data Input byte or word to all the 
addresses of the memory. If the ST93C56 is still 
performing the write cycle, the Busy signal (Q = 0) 


DATA IN 


-\- 
I lo oft ifn ; xo| 


DATA OUT 


/ CHECK 
' STATUS |! 


ed eee eel Deed (eet eel eed eed eel : 
00] 
a ee ee es ee ees ee ; ; 


' IBUSY! READY! 


ERASE S | | 
WRITE 
== 
D [+]0,0,0,0]xa “xd 


DISABLE 
‘OP! 
CODE 


VA00878B 


willbe returned if S is driven high, and the ST93C56 
will ignore any data on the bus. When the write 
cycle is completed, the Ready signal (Q = 1) will 
indicate (if S is driven high) that the ST93C56 is 
ready to receive a new instruction. 


READY/BUSY Status 


During every programming cycle (after a WRITE, 
ERASE, WRAL or ERAL instruction) the Data Out- 
put (Q) indicates the Ready/Busy status of the 
memory when the Chip Select (S) is driven High. 
Once the ST93C56 is Ready, the Ready/Busy sta- 
tus is available on the Data Output (Q) until a new 
start bit is decoded or the Chip Select (S) is brought 
Low. 
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Figure 7. ERASE, ERAL Sequences 


ERAGE <S | 7 


CHECK 
STATUS 


‘BUSY; READY: 


‘OP! ADDR 


CODE 


ERASE S | | | 
ALL : : 


CHECK 
STATUS 


1-1 | 
)1]o,0f3 Jofxn xo | : 
= 


‘BUSY! READY: 


‘OP! ADDR 
CODE 


VA00879 


Notes: 1 An:n=5 for x16 org. and 6G for x8 org. 
2. Xn:n=3 for x16 org and 4 for x8 org. 


Figure 8. WRAL Sequence 


WRITE OS | | | | 


ALL » CHECK 
STATUS 


=i . : : 
Ht 0 of 1] xn xolon 0| : : 
_ —lwtnt.t wind tot 


DATA IN ' 'BUSY! READY! 
VA00880 


Notes: 1 Xn:n =3 for x16 org. and 4 for x8 org. 
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ORDERING INFORMATION SCHEME 


Example: ST93C56 M 1 0138TR 


Temperature Range | |____ Option 


B PSDIP8 1 Oto70°C 013TR Tape & Reel 
0.4 mm Frame 3 -40t0 125°C Packaging 
Ne ae 6. 40 to 85°C 


Parts are shipped with the memory content set at all "1’s" (FFFFh for x16, FFh for x8). 


For a list of available options (Package, Temperature Range etc...) refer to the Selector Guide in this Data 
Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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SERIAL ACCESS CMOS 4K bit (256 x 16 or 512 x 8) EEPROM 


= MINIMUM 1 MILLION ERASE/WRITE CYCLES, 
with OVER 10 YEARS DATA RETENTION 


=» DUAL ORGANIZATION: 256 x 16 or 512 x 8 

=" BYTE/WORD and ENTIRE MEMORY PRO- 
GRAMMING INSTRUCTIONS 

=» SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 

7 ee SIGNAL DURING PROGRAM- 

= SINGLE 3V to 5.5V SUPPLY VOLTAGE 

=» SEQUENTIAL READ OPERATION 

=» 5ms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST93C66 is a 4K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Polysili- 
con CMOS technology. The memory is accessed 
through a serial input (D). 

The memory is divided into either 512 x 8 bit bytes 
or 256 x 16 bit words. The organization may be 
selected by a signal applied on the ORG input. 
The memory is accessed by a set of instructions 
which includes Read a byte/word, Write a 
byte/word, Erase a byte/word, Erase All and Write 
All. A Read instruction loads the address of the first 
byte/word to be read into an internal address 
pointer. The data contained at this address is then 
clocked out serially. 


Table 1. Signal Names 


ee 
Ce 


Organisation Select 
Supply Voltage 


January 1994 


PSDIP8 (B) 


SO8 (M) 
0.4mm Frame 


Figure 1. Logic Diagram 


5195065 


VA01252 
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Figure 2A. DIP Pin Connections 


5 OIC S6 


VA01253 


Warning: DU = Don’t Use 


Table 2. Absolute Maximum Ratings “ 


Parameter 


Supply Voltage 


Vesp 


Ta Ambient Operating Temperature grade 3 —40 to 125 °C 
grade 6 —40 to 85 
Storage Temperature —65 to 150 
TLEAD Lead Temperature, Soldering (SO8 package) 40 sec 215 °C 
(PSDIP8 package) 10 sec 260 


Input or Output Voltages (Q = Vou or Hi-Z) —0.3 to Voc +0.5 


Electrostatic Discharge Voltage (Human Body model) (2) 


Electrostatic Discharge Voltage (Machine model) (8) 


Figure 2B. SO Pin Connections 


S/2SC66 


VA01254 


Warning: DU = Don’t Use 


Value | Unit_ 


| ae es 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3. ElAJ IC-121 (Condition C) (200pF, 0 2). 


DESCRIPTION (cont'd) 


The address pointer is automatically incremented 
after the data is output and, if the Chip Select input 
(S) is held High, the ST93C66 can output a sequen- 
tial stream of data bytes/words. In this way, the 
memory can be read as a data stream from 8 to 
4096 bits long, or continuously as the address 
counter automatically rolls over to 00 when the 
highest address is reached. 


Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc- 
tion. The Write instruction writes 8 or 16 bits at one 
time into one of the 512 bytes or 256 words. 


After the start of the programming cycle, a 
Busy/Ready signal is available on the Data output 
(Q) when Chip Select (S) is driven High. 


The design of the ST93C66 and the High Endur- 
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1,000,000 cycles and a data retention of over 10 
years. 


The DU (Don’t Use) pin does not affect the function 
of the memory and it is reserved for use by SGS- 
THOMSON during test sequences. The pin may be 
left unconnected or may be connected to Vcc or 
Vss. Direct connection of DU to Vss is recom- 
mended for the lowest standby power consump- 
tion. 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input Timing Reference Voltages 1V to 2.0V 

Output Timing Reference Voltages 0.8V to 2.0V \-- 0 BV 
Note that Output Hi-Z is defined as the point where data OUTPUT 


is no longer driven. VAOOB15 


Table 3. Endurance and Data Retention Guarantees 


Device Endurance Data Retention 
E/W Cycles Years 


Test Condition 


Vout = OV 


Note: 1. Sampled only, not 100% tested 


Table 5. DC Characteristics (Ta = —40 to 85 °C or —40 to 125 °C; Vcc = 3V to 5.5V) 


Symbol Test Condition 
lit Input Leakage Current OV < Vin $ Voc 


OV < Vout $ Vcc, 
loc Supply Current (TTL Inputs) S$ = Vin, f= 1 MHz | | 
Supply Current (CMOS Inputs) S = Vin, f= 1 MHz 


S= Vss, C= Vss, 50 
ORG = Vss or Voc 
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Input High Voltage 


BV s Vos 4.5V 


Output Low Voltage 
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Output High Voltage 
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Table 6. AC Characteristics 
(Ta = —40 to 85 °C or —40 to 125 °C; Voc = 3V to 5V) 


[swmbot[ a | Parmetr [Tent Conon [aim [er [at 
Ttwer | ese | Crp Scectignie coccinea 
er 
a 
ee a ee 
Fioww | wor | Gesktteh eouravaid | Sco 
Ties. | tow | CosktowtechpsseaTanaton [it oP 
ase | tes | cn seect tow ochp Seeattign | nowt | aso || nw 
Miser | ev | orp soeetignooupavas | || aoe 
tear | [enpsaestowieowpnez [|| oe 
a A 
Teor | tau | Cock owie Geeks | Nes [aso |e 
a ta ae ee 
Te | toe eiearemseny St 


Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tstsH) between consecutive instruction cycles. 
2. The Clock frequency specification calls for a minimum clock period of 1 ps, therefore the sum of the timings tcxc. + tcLcH 
must be greater or equal to 1 us. For example, if tcc. is 250 ns, then tc.cH must be at least 750 ns. 


Figure 4. Synchronous Timing, Start and Op-Code Input 
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Sr t— OP CODE INPUT —» 
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Figure 5. Synchronous Timing, Read or Write 
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¢————- ADDRESS INPUT ————> 
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'¢— ADDRESS / DATA INPUT 


MEMORY ORGANIZATION 


The ST93C66 is organized as 512 bytes x 8 bits or 
256 words x 16 bits. If the ORG input is left uncon- 
nected (or connected to Vcc) the x16 organization 
is selected, when ORG is connected to Ground 
(Vss) the x8 organization is selected. When the 
ST93C66 is in standby mode, the ORG input 
should be unconnected or set to either Vi_ or Vin in 
order to achieve the minimum power consumption. 
Any voltage between Vit and Vin applied to ORG 
may increase the standby current value. 


POWER-ON DATA PROTECTION 


In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. When Vcc reaches its functional value, the 
device is properly reset (in the Write Disable mode) 


ky 
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'<———— DATA OUTPUT 
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tSHQV 


—— WRITE CYCLE 


BUSY READY 


——» 


VA00821B 


and is ready to decode and execute an incoming 
instruction. A stable Vcc must be applied, before 
applying any logic signal. 


INSTRUCTIONS 


The ST93C66 has seven instructions, as shown in 
Table 7. The op-codes of the instructions are made 
up of 2 bits. The op-code is followed by an address 
for the byte/word which is eight bits long for the x16 
organization or nine bits long for the x8 organiza- 
tion. Each instruction starts with the rising edge of 
the signal applied on the Chip Select (S) input. The 
data input D is then sampled upon the following 
rising edges of the clock C untill a ’1’ is sampled 
and decoded by the ST93C66 as a Start bit. 


The ST93C66 is fabricated in CMOS technology 
and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 6). 
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Read 


The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de- 
coded and the data from the memory is transferred 
into an output shift register. Adummy ’0’ bit is output 
first, followed by the 8 bit byte or the 16 bit word 
with the MSB first. Output data changes are trig- 
gered by the Low to High transition of the Clock (C). 
The ST93C66 will automatically increment the ad- 
dress and will clock out the next byte/word as long 
as the Chip Select input (S) is held High. In this 
case the dummy ’0’ bit is NOT output between 
bytes/words and a continuous stream of data can 
be read. 


Erase/Write Enable and Disable 


The Erase/Write Enable instruction (EWEN) 
authorizes the following Erase/Write instructions to 
be executed, the Erase/Write Disable instruction 
(EWDS) disables the execution of the following 
Erase/Write instructions. When power is first ap- 
plied, the ST93C66 enters the Disable mode. 
When the EWEN instruction is executed, Write 
instructions remain enabled until an Erase/Write 
Disable instruction (EWDS) is executed or Vcc falls 
below the power-on reset threshold. To protect the 
memory contents from accidental corruption, it is 
advisable to issue the EWDS instruction after every 
write cycle. 


The READ instruction is not affected by the EWEN 
or EWDS instructions. 


Erase 


The Erase instruction (ERASE) programs the ad- 
dressed memory byte or word bits to ’1’. Once the 


Table 7. Instruction Set 


READ Read Data from Memory 
WRITE Write Data to Memory 
EWEN Erase/Write Enable 


ERASE Erase Byte or Word 
ERAL Erase All Memory 


Write All Memory 
WRAL with same Data 


Note: 1. X=don' care bit. 


x8 Org 
Address Address 
(ORG = 0)" (ORG = 1) 
A8-A0 Q7-Q0 A7-A0O Q15-Q0 
Ewos | ErasenteDisabie | 00 | ooxxxxxmx | «| _ooxxxox | —| 
bea al ol 


1OXXX XXXX 


O1XXX XXXX D7-DO O1XX XXXX D15-D0O 


address is correctly decoded, the falling edge of the 
Chip Select input (S) triggers a self-timed erase 
cycle. 


If the ST93C66 is still performing the erase cycle, 
the Busy signal (Q = 0) will be returned if S is driven 
high, and the ST93C66 will ignore any data on the 
bus. When the erase cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93C66 is ready to receive a new instruction. 


Write 


The Write instruction (WRITE) is followed by the 
address and the 8 or 16 data bits to be written. Data 
input is sampled on the Low to High transition of 
the clock. After the last data bit has been sampled, 
Chip Select (S) must be brought Low before the 
next rising edge of the clock (C) in order to start 
the self-timed programming cycle. If the ST93C66 
is still performing the write cycle, the Busy signal 
(Q =0) will be returned if S is driven high, and the 
ST93C66 will ignore any data on the bus. When the 
write cycle is completed, the Ready signal (Q = 1) 
will indicate (if S is driven high) that the ST93C66 
is ready to receive a new instruction. Programming 
is internally self-timed (the external clock signal on 
C input may be disconnected or left running after 
the start of a programming cycle) and does not 
require an Erase instruction prior to the Write in- 
struction (The Write instruction includes an auto- 
matic erase cycle before programing data). 


Erase All 


The Erase All instruction (ERAL) erases the whole 
memory (all memory bits are set to 1’). Adummy 
address is input during the instruction transfer and 
the erase is made in the same way as the ERASE 
instruction. If the ST93C66 is still performing the 


x16 Org 


11XX XXXX 


A7-AO 
10XX XXXX 
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Figure 6. READ, WRITE, EWEN, EWDS Sequences 
S | | 
ste 
I 1 lolan Ad 
' ed eed eee eed eed eee’ Deed eed eed Deo 
}— 
Py es es es ee ee es ee es 


READ 
D 
Q 
‘OP! ADDR 
CODE 
WRITE S$ 
are 
D fi ]of [an " AQ] Dr 
Q : ' ‘ 
‘OP! ADDR 
CODE 
ERASE S | | 
WRITE 
ENABLE 


oe 
D Heat fxn xo] 


‘OP! 
CODE 


erase cycle, the Busy signal (Q = 0) will be returned 
if S is driven high, and the ST93C66 will ignore any 
data on the bus. When the erase cycle is com- 
pleted, the Ready signal (Q = 1) will indicate (if S 
is driven high) that the ST93C66 is ready to receive 
a new instruction. 


Write All 


For correct operation, an ERAL instruction should 
be executed before the WRAL instruction: the 
WRAL instruction DOES NOT perform an automat- 
ic erase before writing. The Write All instruction 
(WRAL) writes the Data Input byte or word to all the 
addresses of the memory. If the ST93C66 is still 
performing the write cycle, the Busy signal (Q = 0) 


ST93C66 


DATA OUT : 


oe © ee 


*+ CHECK 
: STATUS : 


sottaatatatetater OL | 


DATA IN 


' IBUSY! READY: 


ERASE 5 | | 


WRITE 
DISABLE 


-\- 
D )*]0,0,0,0[xn xo] 


‘OP! 
CODE 
VA008788 


will be returned if S is driven high, and the ST93C66 
will ignore any data on the bus. When the write 
cycle is completed, the Ready signal (Q = 1) will 
indicate (if S is driven high) that the ST93C66 is 
ready to receive a new instruction. 


READY/BUSY Status 


During every programming cycle (after a WRITE, 
ERASE, WRAL or ERAL instruction) the Data Out- 
put (Q) indicates the Ready/Busy status of the 
memory when the Chip Select (S) is driven High. 
Once the ST93C66 is Ready, the Ready/Busy 
status is available on the Data Output (Q) until a 
new start bit is decoded or the Chip Select (S) is 
brought Low. 
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Figure 7. ERASE, ERAL Sequences 


ERASE S$ | | | 


CHECK 
STATUS 


FEL 


' IBUSY! READY} 


OP: 
CODE 


J U L 


CHECK 
STATUS 


— 
Ji ]o,0f1 Jofxn ECE : 


ADDR 


| IBUSY! READY: 


OP: 
CODE 


ADDR 


VA00879 


Figure 8. WRAL Sequence 


WRITE OS | | | | 


ALL ‘CHECK 
STATUS 


me ioe ed eek eed eed Dee ee De fee Deed 
D /i]o 0 of]xn xo]on 00] 
= se ee ee eee ee ee ee ee et : 


‘OP! ADDR: DATA IN ' ‘BUSY! READY: 


CODE VA00880 
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ORDERING INFORMATION SCHEME 


Example: ST93C66 M 3 TR 


Temperature Range | | Option | 


B PSDIP8 3* —40 to 125°C TR Tape & Reel 
0.4 mm Frame 6 -40t085°C Packing 


M S08 


Note: 3* Temperature range on request only. 


Parts are shipped with the memory content set at all "1’s" (FFFFh for x16, FFh for x8). 


For a list of available options (Package, Temperature Range etc...) refer to the Selector Guide in this Data 
Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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SERIAL ACCESS CMOS 1K bit (64 x 16) EEPROM 


=» MINIMUM 1 MILLION ERASE/WRITE CYCLES, 
with OVER 10 YEARS DATA RETENTION 


# SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 


» READY/BUSY SIGNAL DURING PROGRAM- 
MING 


=» SINGLE SUPPLY VOLTAGE 
— 3V to 5.5V for the ST93CS46 
— 2.5V to 5.5V for the ST93CS47 
=» USER DEFINED WRITE PROTECTED AREA 
=» PAGE WRITE MODE (4 WORDS) 
=» SEQUENTIAL READ OPERATION 
=» 5ms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST93CS46 and ST93CS47 are 1K bit Electri- 
cally Erasable Programmable Memory (EEPROM) 
fabricated with SGS-THOMSON’s High Endurance 
Single Polysilicon CMOS technology. The memory 
is accessed through a serial input D and output Q. 


The 1K bit memory is organized as 64 x 16 bit 
words. The memory is accessed by a set of instruc- 
tions which include Read, Write, Page Write, Write 
All and instructions used to set the memory protec- 
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. 


Table 1. Signal Names 


ee 
fo Seiaibaa ouput 


Supply Voltage 


October 1993 


1 


PSDIP8 (B) 
0.4mm Frame 


Figure 1. Logic Diagram 


ST9SCS46 


Sl9SCS47 


VA00884B 
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Figure 2A. DIP Pin Connections 


ST9SCS46 
ST83CS47 


VA00885B 


Table 2. Absolute Maximum Ratings ™ 


Symbol 


Storage Temperature 


TA 

Lead Temperature, Soldering 
Vio 
Vcc 


Parameter 


Ambient Operating Temperature 


| Vio Input or Output Voltages (Q = Vou or Hi-Z) 


(SO8 package) 
(PSDIP8 package) 


| Veo | Supply Voltage —0.3 to 6.5 
Electrostatic Discharge Voltage (Human Body model) * 3000 
ESD 


Electrostatic Discharge Voltage (Machine model) ©) 


Figure 2B. SO Pin Connections 


Se S40 
ST93CS47 


VAOO0886B 


0 to 70 
—40 to 125 °C 
—40 to 85 


eis 
215 6 


—0.3 to Vec +0.5 


grade 1 
grade 3 
grade 6 


40 sec 
10 sec 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015 7 (100pF, 1500 9). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 


DESCRIPTION (cont'd) 


The data is then clocked out serially. The address 
pointer is automatically incremented after the data 
is output and, if the Chip Select input (S) is held 
High, the ST93CS46/47 can output a sequential 
stream of data words. In this way, the memory can 
be read as a data stream of 16 to 1024 bits, or 
continuously as the address counter automatically 
rolls over to 00 when the highest address is 
reached. Within the time required by a program- 
ming cycle (tw), up to 4 words may be written with 
the help of the Page Write instruction; the whole 
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memory may also be erased, or set to a predeter- 
mined pattern, by using the Write All instruction. 


Within the memory, an user defined area may be 
protected against further Write instructions. The 
size of this area is defined by the content of a 
Protect Register, located outside of the memory 
array. As a final protection step, data may be per- 
manently protected by programming a One Time 
Programing bit (OTP bit) which locks the Protect 
Register content. 


Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc- 


OMSON 
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552 


ST93CS46, ST93CS47 


AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing 


Reference Voltages 0.3Vcc to 0.7Vcc 


Note that Output Hi-Z is defined as the point where data 


is no longer driven. VA00825 


Table 3. Endurance and Data Retention Guarantees 


Device Endurance Data Retention 
E/W Cycles Years 


Table 4. Capacitance ") (Ta = 25 °C, f= 1 MHz) 


Note: 1. Sampled only, not 100% tested. 


Table 5. DC Characteristics (Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; 
Voc = 8V to 5.5V for ST938CS46 and Vcc = 2. 5V to 5.5V for ST93CS47) 


peel Test Condition ao To 
ty | Input Leakage Current OV < Vin S$ Voc a ae 


OV < Vout $ Vcc, 


| toc | Supply Current (TTL Inputs) Current (TTL Inputs) S = Vu, f= 1 MHz 


Supply Current (Standby) S = Vss, C = Vss Tet 
= Input Low Voltage (ST93CS46,47) 4.5V < Vcc < 5.5V av 


<|< 


[Input Low Voltage (STascsae) | aV<Vecsssv | 0.1 | 02Vec | Vv 

Input Low | Input Low Voltage (ST93CS47) ae P eaveNerseay | mot | 0.2 Vcc 
resiremeerenenet | ameveseas | 2 | ves |v 

Yn [input High Voltage (Stescsa6) | avsVecsssv | 08Voo | oot | Vv 
[Inputigh Voltage (Stescsa7) | 26V<VoosssV_| 08Voc | Voc+t | Vv _ 
El ee 


<|;<|}< [<< 


lo. =10uA 


=) 
Ne) 
tI 


| —400 2.4 
Output High Voltage ee | ton =—4000A | [anton [ee 
lon=-100A | Voc-02 | |i 
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Table 6. DC Characteristics (Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; 
Voc = 8V to 5.5V for ST938CS46 and Vcc = 2.5V to 5.5V for ST93CS47) 


| Symbol | at | Parameter | Test Congition | min | Max | unit | 
[_tenvon | tones | Protect Enable Validto Clock High || 80 | ng 
| twon_| tees | Write Enable ValidtoClockHigh || 80 | ns 
| town | tess _| Chip SelectHigh to iockHign || 80 | 
oven | tois_| input valid to GiockHign || 00 | 
| towox | tom | GlockHigh tolnputTransion || to | ns 
| tovar | roo _| Clock HightoOutputtow fT 500 |r 
| tonav | tror__| ClockHightoOutputvaid || 800 |g 
| terrmx | tonen | ClockLow to ProtectEnable Transon [| | 0 | |r 
| tswx | teen | Chip SelectLow to write Enable Transion | | 250 | ns 
| tise _| tesn | Clock Lowto Chip Select Transiton | || ns 
| tan | tos | ChipSelectLowtoChipSetectHign | Note | 250 | | ns_| 
| tevav_| tev | Chip SelectHigh to Outputvatid ||| 500 | ns 
| tsoz | tor | ChipSelectLowtoOutputHez | || t0 | ns 
| tov | tow | ClockHightoClocktow | Note | 250 | ns 
ee ar a eee 
| tw ee 


twp Erase/Write Cycle time 


Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tstsH) between consecutive instruction cycles. 
2. The Clock frequency specification calls for a minimum clock period of 1 ps, therefore the sum of the timings tcuct + tcLcH 
must be greater or equal to 1 ps. For example, if tcuct is 250 ns, then tcicy must be at least 750 ns. 


Clock Frequency 


Figure 4. Synchronous Timing, Start and Op-Code Input 
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Figure 5. Synchronous Timing, Read or Write 
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ADDRESS INPUT ————> 
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'<——— DATA OUTPUT————_ 


VA00820C 


Sra See 


‘¢— ADDRESS / DATA INPUT 


DESCRIPTION (cont'd) 


tion. The Write instruction writes 16 bits at one time 
into one of the 64 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca- 
tions, assuming in both cases that all addresses 
are outside the Write Protected area. 


= 
tDVCH tCHDX mi 
Cm _) 50706 ot 


'¢#—— WRITE CYCLE 
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BUSY READY 


—_> —__ 


VA00888B 


After the start of the programming cycle, a 
Ready/Busy signal is available on the Data output 
(Q) when the Chip Select (S) input pin is driven 
High. 

The design of the ST93C0S46/47 and the High 
Endurance CMOS technology used for its fabrica- 
tion give a minimum Erase/Write cycle Endurance 
of 1,000,000 cycles and a data retention of over 10 
years. 
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POWER-ON DATA PROTECTION 


In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. When Vcc reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vcc must be applied before 
any logic signal. 


INSTRUCTIONS 


The ST93CS46/47 has eleven instructions, as 
shown in Table 7. Each instruction starts with the 
rising edge of the signal applied on the Chip Select 
input (S), followed by a ’1’ read on D input during 
the rising edge of the clock C. The op-codes of the 


Table 7. Instruction Set 


instruction | Description 


READ Read Data from Memory X 


WRITE 


PAWRITE 
WRALL 


WEN 
WDS 


PRREAD 
PRWRITE 
PRCLEAR 


Note: 1. X = don't care bit. 


instructions are made up of the 2 following bits. 
Some instructions use only these first two bits, 
others use also the first two bits of the address field 
to define the op-code. The address field is six bits 
long (A5-A0). 


The ST93CS46/47 is fabricated in CMOS technol- 
ogy andis therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 6). 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de- 
coded and the data from the memory is transferred 
into an output shift register. Adummy ’0’ bit is output 
first followed by the 16 bit word with the MSB first. 
Output data changes are triggered by the Low to 


Additional 
Information 


Write is executed if 
the address is not 
inside the Protected 
area 


Write is executed if 
all the addresses 
AS-AO D15-D0 are not inside the 
Protected area 
Write all data if the 
Protect Register is 


cleared 


D15-D0 


Data Output = Pro- 
tect Register con- 
tent + Protect Flag 
bit 


Data above speci- 
fied address A5-AO 
are protected 


Protect Flag is also 
cleared (cleared 
Flag = 1) 


OTP bit is set 
permanently 
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INSTRUCTIONS (cont'd) 


High transition of the Clock (C). The ST93CS46/47 
will automatically increment the address and will 
clock out the next word as long as the Chip Select 
input (S) is held High. In this case the dummy ’0’ bit 
is NOT output between words and a continuous 
stream of data can be read. 


Write Enable and Write Disable 


The Write Enable instruction (WEN) authorizes the 
following Write instructions to be executed, the 
Write Disable instruction (WDS) disables the exe- 
cution of the following Erase/Write instructions. 
When power is first applied, the ST938CS46/47 
enters the Disable mode. When the Write Enable 
instruction (WEN) is executed, Write instructions 
remain enabled until a Write Disable instruction 
(WDS) is executed or if the Power-on reset circuit 
becomes active due to a reduced Vcc. To protect 
the memory contents from accidental corruption, it 
is advisable to issue the WDS instruction after 
every write cycle. 


The READ instruction is not affected by the WEN 
or WDS instructions. 


Write 


The Write instruction (WRITE) is followed by the 
address and the word to be written. The Write 
Enable signal (W) must be held high during the 
WRITE instruction. Data input D is sampled on the 
Low to High transition of the clock. After the last 
data bit has been sampled, Chip Select (S) must 
be brought Low before the next rising edge of the 
clock (C), in order to start the self-timed program- 
ming cycle, providing that the address is NOT inthe 
protected area. If the ST93CS46/47 is still per- 
forming the programming cycle, the Busy signal (Q 
= 0) will be returned if the Chip Select input (S) is 
driven high, and the ST93CS46/47 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate (if S is driven 
high) that the ST93CS46/47 is ready to receive a 
new instruction. 


Page Write 


A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be held 
High during the Write instruction. Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word, bits 
A1-A0 of the internal address register are incre- 
mented, the high order bits A5-A2 remaining un- 


changed. Users must take care by software to ~ 


ensure that the last word address has the same 
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four upper order address bits as the initial address 
transmitted to avoid address roll-over. 


After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
Page Write operation will not be performed if any 
of the 4 words is addressing the protected area. If 
the ST938CS46/47 is still performing the program- 
ming cycle, the Busy signal (Q = 0) will be returned 
if the Chip Select input (S) is driven high, and the 
ST93CS46/47 will ignore any data on the bus. 
When the write cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93CS46/47 is ready to receive a new instruc- 
tion. 


Write All 


The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes the 
whole memory with the same data word included 
in the instruction. The Write Enable signal (W) must 
be held High before and during the Write instruc- 
tion. Input address and data are read on the Low 
to High transition of the clock. If the ST93CS46/47 
is still performing the programming cycle, the Busy 
signal (Q = 0) will be returned if the Chip Select 
input (S) is driven high, and the ST938CS46/47 will 
ignore any data on the bus. When the write cycle 
is completed, the Ready signal (Q = 1) will indicate 
(if S is driven high) that the ST93CS46/47 is ready 
to receive a new instruction. 


MEMORY WRITE PROTECTION AND PROTECT 
REGISTER 


The ST93CS46/47 offers a Protect Register con- 
taining the bottom address of the memory area 
which has to be protected against write instruc- 
tions. In addition to this Protect Register, two flag 
bits are used to indicate the Protect Register status: 
the Protect Flag enabling/disabling the protection 
of the Protect Register and the OTP bit which, when 
set, disables access to the Protect Register and 
thus prevents any further modifications of this Pro- 
tect Register value. The content of the Protect 
Register is defined when using the PRWRITE in- 
struction, it may be read when using the PRREAD 
instruction. A specific instruction PREN (Protect 
Register Enable) allows the user to execute the 
protect instructions PRCLEAR, PRWRITE and 
PRDS; this PREN instruction being used together 
with the signals applied on the input pins PRE 
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Figure 6. READ, WRITE, WEN, WDS Sequences 
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!OP! ADDR !: DATA OUT 
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D 1430/1 of D15 
eerie! 


DATA IN ! ipusY!READY! 


= 
D [i lb of ne an x] 


‘OP! 
CODE 


WRITE 
DISABLE 


== 
D [1]0,0,0,0fx : x] 


SOP! 
CODE VAO0889B 
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Figure 7. PRWRITE, WRALL Sequences 
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MEMORY WRITE PROTECTION (cont'd) 


(Protect Register Enable pin) and W (Write En- 
able). 


Accessing the Protect Register is done by execut- 
ing the following sequence: 


— WEN: execute the Write Enable instruction, 
— PREN: execute the PREN instruction, 


— PRWRITE, PRCLEAR or PRDS: the protection 
then may be defined, in terms of size of the 
protected area (PRWRITE, PRCLEAR) and 
may be set permanently (PRDS instruction). 


Protect Register Read 


The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the content of the 
Protect Register, followed by the Protect Flag bit. 
The Protect Register Enable pin (PRE) must be 
driven High before and during the instruction. As in 
the Read instruction a dummy ’0’ bit is output first. 


Since it is not possible to distinguish if the Protect 
Register is cleared (all 1’s) or if it is written with all 
1’s, user must check the Protect Flag status (and 
not the Protect Register content) to ascertain the 
setting of the memory protection. 


Protect Register Enable 


The Protect Register Enable instruction (PREN) is 
used to authorize the use of further PRCLEAR, 
PRWRITE and PRDS instructions. The PREN in- 
sruction does not modify the Protect Flag bit value. 


Note: A Write Enable (WEN) instruction must be 
executed before the Protect Enable instruction. 
Both the Protect Enable (PRE) and Write Enable 
(W) input pins must be held High during the instruc- 
tion execution. 


Protect Register Clear 


The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the Protect Register to 
all 1’s, and thus enables the execution of WRITE 
and WRALL instructions. The Protect Register 
Clear execution clears the Protect Flag to 1’. Both 
the Protect Enable (PRE) and Write Enable (W) 
input pins must be driven High during the instruc- 
tion execution. 


Note: A PREN instruction must immediately pre- 
cede the PRCLEAR instruction. 


Protect Register Write 


The Protect Register Write instruction (PRWRITE) 
is used to write into the Protect Register the ad- 
dress of the first word to be protected. After the 
PRWRITE instruction execution, all memory loca- 
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tions equal to and above the specified address, are 
protected from writing. The Protect Flag bit is set to 
0’, it can be read with Protect Register Read 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) input pins must be driven High 
during the instruction execution. 


Note: A PREN instruction must immediately pre- 
cede the PRWRITE instruction, but it is not neces- 
sary to execute first a PRCLEAR. 


Protect Register Disable 


The Protect Register Disable instruction sets the 
One Time Programmable bit (OTP bit). The Protect 
Register Disable instruction (PRDS) isa ONE TIME 
ONLY instruction which latches the Protect Regis- 
ter content, this content is therefore unalterable in 
the future. Both the Protect Enable (PRE) and Write 
Enable (W) input pins must be driven High during 
the instruction execution. The OTP bit cannot be 
directly read, it can be checked by reading the 
content of the Protect Register (PRREAD instruc- 
tion), then by writing this same value into the Pro- 
tect Register (PRWRITE instruction): when the 
OTP bit is set, the Ready/Busy status cannot ap- 
pear on the Data output (Q); when the OTP bit is 
not set, the Busy status appear on the Data output 
(Q). 


A PREN instruction must immediately precede the 
PRDS instruction. 


READY/BUSY Status 


When the ST93CS46/47 is performing the write 
cycle, the Busy signal (Q = 0) is returned if S is 
driven high, and the ST93CS46/47 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate, if S is driven 
high, that the ST93CS46/47 is ready to receive a 
new instruction. Once the ST93CS46/47 is Ready, 
the Data Output Q is set to ’1’ until a new Start bit 
is decoded or the Chip Select is brought Low. 


COMMON I/O OPERATION 


The Data Output (Q) and Data Input (D) signals can 
be connected together, through a current limiting 
resistor, to form a common, one wire data bus. 
some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AO) and the first data bit output by Q. The reader 
should refer to the SGS-THOMSON application 
note "Microwire EEPROM Common 1/O Opera- 
tion". 
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Figure 8. PRREAD, PRWRITE, PREN Sequences 
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Figure 9. PRCLEAR, PRDS Sequences 
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ORDERING INFORMATION SCHEME 


Example: ST938CS46 M 1 013TR 


Operating Voltage Temp.Range | | Option _—| 
46 3V to5.5V B PSDIP8 1 0to70°C 013TR Tape & Reel 
47 2.5V to 5.5V OA rom FAMe 4019495 °C Packing 

M sos 


6 -40to 85°C 


Parts are shipped with the memory content set at all "1’s" (FFFFh). 


For a list of available options (Operating Voltage, Package, etc...) refer to the Selector Guide in this Data 
Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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SERIAL ACCESS CMOS 2K bit (128 x 16) EEPROM 


= MINIMUM 1 MILLION ERASE/WRITE CYCLES, 
with OVER 10 YEARS DATA RETENTION 


=» SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 


a READY/BUSY SIGNAL DURING PROGRAM- 
MING 


m SINGLE SUPPLY VOLTAGE 
— 3V to 5.5V for the ST93CS56 
— 2.5V to 5.5V for the ST93CS57 
=» USER DEFINED WRITE PROTECTED AREA 
= PAGE WRITE MODE (4 WORDS) 
= SEQUENTIAL READ OPERATION 
» 5ms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST93CS56 and ST93CS57 are 2K bit Electri- 
cally Erasable Programmable Memory (EEPROM) 
fabricated with SGS-THOMSON’s High Endurance 
Single Polysilicon CMOS technology. The memory 
is accessed through a serial input D and output Q. 


The 2K bit memory is organized as 128 x 16 bit 
words. The memory is accessed by a set of instruc- 
tions which include Read, Write, Page Write, Write 
All and instructions used to set the memory protec- 
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. The data is then clocked out serially. 


Table 1. Signal Names 


ee 
fa | seraaa oupst 


Write Enable 
Supply Voltage 


October 1993 


1 


PSDIP8 (B) 
0.4mm Frame 


Figure 1. Logic Diagram 


SI IOC So0 
SI9SCso7 


VAOO0896B 
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Figure 2A. DIP Pin Connections 


SIGSCSS6 
SIQSCSos 


Parameter 


Ambient Operating Temperature 


Storage Temperature 


Lead Temperature, Soldering 


Input or Output Voltages (Q = Vou or Hi-Z) 


(SO8 package) 
(PSDIP8 package) 


Electrostatic Discharge Voltage (Human Body model) 7 


. 
Supply Voltage —0.3 to 6.5 
Vesp 
Electrostatic Discharge Voltage (Machine model) °) | 500—isdTC 


Figure 2B. SO Pin Connections 


SIG SC596 
S193 CSo7 


VA00898B 


Value 


grade 1 0 to 70 
grade 3 —40 to 125 
grade 6 —40 to 85 


er 


2G 
215 s 
| 


40 sec 
10 sec 


—0.3 to Vcc +0.5 V 
3000 
V 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 92). 
3. ElAd IC-121 (Condition C) (200pF, 0 9). 


DESCRIPTION (cont'd) 


The address pointer is automatically incremented 
after the data is output and, if the Chip Select input 
(S) is held High, the ST93CS56/57 can output a 
sequential stream of data words. In this way, the 
memory can be read as a data stream of 16 to 2048 
bits, or continuously as the address counter auto- 
matically rolls over to 00 when the highest address 
is reached. 


Within the time required by a programming cycle 
(tw), up to 4 words may be written with the help of 
the Page Write instruction; the whole memory may 
also be erased, or set to a predetermined pattern, 
by using the Write All instruction. 


Within the memory, an user defined area may be 
protected against further Write instructions. The 
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size of this area is defined by the content of a 
Protect Register, located outside of the memory 
array. As a final protection step, data may be per- 
manently protected by programming a One Time 
Programing bit (OTP bit) which locks the Protect 
Register content. 


Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc- 
tion. 


The Write instruction writes 16 bits at one time into 
one of the 128 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca- 
tions, assuming in both cases that all addresses 
are outside the Write Protected area. 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing 
Reference Voltages 0.3Vcc to 0.7Vcc 


Note that Output Hi-Z is defined as the point where data VA00825 


is no longer driven. 


Table 3. Endurance and Data Retention Guarantees 


Device Endurance Data Retention 
E/W Cycles Years 


Table 4. Capacitance ™ (Ta, = 25 °C, f = 1 MHz) 


|_Sympot_ | Parameter | __TestCongition | _Min_ | Max _| 
Input Capacitance ee ee 
Output Capacitance ee 


Note: 1. Sampled only, not 100% tested. 


Table 5. DC Characteristics (Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; 
Vcc = 3V to 5.5V for ST93CS56 and Vcc = 2.5V to 5.5V for ST93CS57) 


Symbol 
rite | Input Leakage Current OV < Vins Vec 


I a 
OV < Vout $ Vcc, 
Supply Current (TTL Inputs) S = Vin, f= 1 MHz a 
Supply Current (CMOS Inputs) “S= Vn, f= 1 MHz oo | 


- 
B 
> 


| 
Oo 
loc 
Supply Current (Standby) S = Vss, C = Vss 
Input Low Voltage (ST93C856,57) | 45V<Vccs55V | 01 | 08 
Vi | Input Low Voltage (ST93CS56) BV < Veo < 5.5V 
ae ee ees 
Input High Voltage (ST98CS56,57) | __ 4.5V< Veo $ 5.5V 
Vin Input High Voltage (ST93CS56) 3V < Voc < 5.5V 
Input High Voltage (ST93CS57) 2.5V < Vcc < 5.5V 
&,  ‘Noupurtauyaises | tu=2tma | |e 
OH Output High Voltage dellimanclie 
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Table 6. AC Characteristics (Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; 
Voc = 3V to 5.5V for ST93CS56 and Vcc = 2.5V to 5.5V for ST93CS57) 


| Symbol | at | Parameter 


ol 
jo) 


o;o 
om n®) 


[Test Condition 
: ee 
| nel 
T wen | tos | nputvalao Goekhign 
T tow [ton | Cok High toingut Tension i 
town | ooo | Geoktighiooupsttow dT 
Ttaew | tor | Coskigh oouputvaia 
em | tones | ieck Lowe Protect EnabeTnstion | 
tain | won | ip Set Low to Wie Enable Teiton [ 
Tess [tem | Crock Low to Crip Seeat Tansiton | Sid; 
Tas | es | Chip Seect Low to Chip Sates High [Nowe | 50 
Tse | tev | hip Seoc rich toOupuvaia | 
Ttece | tor | crip Seecttow to Ouputvez «| i 
Tena | tor | Gooktign te Gecktow ———=SS*CSCNtwe | wo | 
Tso [tow | Giooktowie GockHign———SS*CCNate Paso | 

: aan Ee: 

; Ce 


Erase/Write Cycle time 


Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tsisH) between consecutive instruction cycles. 
2. The Clock frequency specification calls for a minimum clock period of 1 ps, therefore the sum of the timings tcxci + teLcH 
must be greater or equal to 1 ps. For example, if tcuci is 250 ns, then tc.c must be at least 750 ns. 


Figure 4. Synchronous Timing, Start and Op-Code Input 
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Figure 5. Synchronous Timing, Read or Write 


tDVCH 
D A 
ie Gee 


Hi Z 


ia oo 


—o—— ADDRESS INPUT ———» 


ST93CS56, ST93CS57 


tCHQV 


a DATA. OUTPUT —— 


VA00820C 


ae Baa 


tDVCH 


#— ADDRESS / DATA INPUT —» 


DESCRIPTION (cont'd) 


After the start of the programming cycle, a 
Ready/Busy signal is available on the Data output 
(Q) when the Chip Select (S) input pin is driven 
High. 


tCLPRX 


tCHDX | 
| 40/D0 | | 40/D0 | tSLSH 


tSHQV 


BUSY READY 
¢— WRITE CYCLE ———>» 


VA00888B 


The design of the ST938CS56/57 and the High 
Endurance CMOS technology used for its fabrica- 
tion give a minimum Erase/Write cycle Endurance 
of 1,000,000 cycles and a data retention of over 10 
years. 
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POWER-ON DATA PROTECTION 


In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. When Vcc reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vcc must be applied before 
any logic signal. 


INSTRUCTIONS 


The ST93CS56/57 has eleven instructions, as 
shown in Table 7. Each instruction is composed of 
a 2 bit op-code and an 8 bit address. Each instruc- 
tion starts with the rising edge of the signal applied 


Table 7. Instruction Set 


READ i Data from Mem- 


WRITE Write Data to Memory 


PAWRITE | Page Write to Memory 
WRALL Write All Memory 


Write Disable 


PRREAD Protect Register Read 
PRWRITE | Protect Register Write 
PRCLEAR | Protect Register Clear 


PREN Protect Register Enable 1 


PRDS Protect Register Disable 


Note: 1. X = don't care bit. 
2. Address bit A7 is not decoded by the ST93CS56/57. 


Op (1, 2) 
01XX XXXX | D15-DO | Protect Register is 
cleared 


pa 1447 «1171 


x |e 

ale 

oo 

oo 

| wen | wrtecnabie | | 
os | we Pr Po 
oo 

Dee [oe 

RIES Cy 


on the S input. The data input D is then sampled 
upon the following rising edges of the clock C until 
a’l’is sampled and decoded by the ST93CS56/57 
as a Start bit. 


The ST93CS56/57 is fabricated in CMOS technol- 
ogy and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 6). 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de- 
coded and the data from the memory is transferred 
into an output shift register. Adummy ’0’ bit is output 
first followed by the 16 bit word with the MSB first. 
Output data changes are triggered by the Low to 
Additional 


| ata Information 


Write is executed if 
the address is not 
AERO DiS-D0 inside the Protected 
area 
A7-AO D15-D0 


Write is executed if 
all the addresses 
are not inside the 
Protected area 


Write all data if the 


Te ee 
ao xxx | | 


Data Output = Pro- 
: tect Register con- 
XXKX XXXX | Q8-Q0 | tent + Protect Flag 
bit 


Data above speci- 
fied address A7-AO 
are protected ° 


Oo 
1 
1 


0 
0 A7-A0 


Protect Flag is also 
cleared (cleared 
Flag = 1) 


OTP bit is set 
permanently 


d 
0 
1 
11 
0 
1 
11 


11XX XXXX 


0000 0000 4 
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INSTRUCTIONS (cont'd) 


High transition of the Clock (C). The ST93CS56/57 
will automatically increment the address and will 
clock out the next word as long as the Chip Select 
input (S) is held High. In this case the dummy ’0’ bit 
is NOT output between words and a continuous 
stream of data can be read. 


Write Enable and Write Disable 


The Write Enable instruction (WEN) authorizes the 
following Write instructions to be executed, the 
Write Disable instruction (WDS) disables the exe- 
cution of the following Erase/Write instructions. 
When power is first applied, the ST93CS56/57 
enters the Disable mode. When the Write Enable 
instruction (WEN) is executed, Write instructions 
remain enabled until a Write Disable instruction 
(WDS) is executed or if the Power-on reset circuit 
becomes active due to a reduced Vcc. To protect 
the memory contents from accidental corruption, it 
is advisable to issue the WDS instruction after 
every write cycle. 


The READ instruction is not affected by the WEN 
or WDS instructions. 


Write 


The Write instruction (WRITE) is followed by the 
address and the word to be written. The Write 
Enable signal (W) must be held high during the 
WRITE instruction. Data input D is sampled on the 
Low to High transition of the clock. After the last 
data bit has been sampled, Chip Select (S) must 
be brought Low before the next rising edge of the 
clock (C), in order to start the self-timed program- 
ming cycle, providing that the address is NOT in the 
protected area. If the ST93CS56/57 is still per- 
forming the programming cycle, the Busy signal (Q 
= 0) will be returned if the Chip Select input (S) is 
driven high, and the ST93CS56/57 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate (if S is driven 
high) that the ST93CS56/57 is ready to receive a 
new instruction. 


Page Write 


A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be held 
High during the Write instruction. Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word, bits 
A1-A0 of the internal address register are incre- 
mented, the high order bits A7-A2 remaining un- 
changed. Users must take care by software to 
ensure that the last word address has the same five 
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upper order address bits as the initial address 
transmitted to avoid address roll-over. 


After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
Page Write operation will not be performed if any 
of the 4 words is addressing the protected area. If 
the ST93CS56/57 is still performing the program- 
ming cycle, the Busy signal (Q = 0) will be returned 
if the Chip Select input (S) is driven high, and the 
ST93CS56/57 will ignore any data on the bus. 
When the write cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93CS56/57 is ready to receive a new instruc- 
tion. 


Write All 


The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes the 
whole memory with the same data word included 
in the instruction. The Write Enable signal (W) must 
be held High before and during the Write instruc- 
tion. Input address and data are read on the Low 
to High transition of the clock. If the ST93CS56/57 
is still performing the programming cycle, the Busy 
signal (Q = 0) will be returned if the Chip Select 
input (S) is driven high, and the ST93CS56/57 will 
ignore any data on the bus. When the write cycle 
is completed, the Ready signal (Q = 1) will indicate 
(if S is driven high) that the ST93CS56/57 is ready 
to receive a new instruction. 


MEMORY WRITE PROTECTION AND PROTECT 
REGISTER 


The ST93CS56/57 offers a Protect Register con- 
taining the bottom address of the memory area 
which has to be protected against write instruc- 
tions. In addition to this Protect Register, two flag 
bits are used to indicate the Protect Register status: 
the Protect Flag enabling/disabling the protection 
of the Protect Register and the OTP bit which, when 
set, disables access to the Protect Register and 
thus prevents any further modifications of this Pro- 
tect Register value. The content of the Protect 
Register is defined when using the PRWRITE in- 
struction, it may be read when using the PRREAD 
instruction. A specific instruction PREN (Protect 
Register Enable) allows the user to execute the 
protect instructions PRCLEAR, PRWRITE and 
PRDS; this PREN instruction being used together 
with the signals applied on the input pins PRE 
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Figure 6. READ, WRITE, WEN, WDS Sequences 
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Figure 7. PAWRITE, WRALL Sequences 
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MEMORY WRITE PROTECTION (cont'd) 


(Protect Register Enable pin) and W (Write En- 
able). 


Accessing the Protect Register is done by execut- 
ing the following sequence: 


— WEN: execute the Write Enable instruction, 
— PREN: execute the PREN instruction, 


— PRWRITE, PRCLEAR or PRDS: the protection 
then may be defined, in terms of size of the 
protected area (PRWRITE, PRCLEAR) and 
may be set permanently (PRDS instruction). 


Protect Register Read 


The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the content of the 
Protect Register, followed by the Protect Flag bit. 
The Protect Register Enable pin (PRE) must be 
driven High before and during the instruction. As in 
the Read instruction a dummy ’0’ bit is output first. 


Since it is not possible to distinguish if the Protect 
Register is cleared (all 1’s) or if it is written with all 
1’s, user must check the Protect Flag status (and 
not the Protect Register content) to ascertain the 
setting of the memory protection. 


Protect Register Enable 


The Protect Register Enable instruction (PREN) is 
used to authorize the use of further PRCLEAR, 
PRWRITE and PRDS instructions. The PREN in- 
sruction does not modify the Protect Flag bit value. 


Note: A Write Enable (WEN) instruction must be 
executed before the Protect Enable instruction. 
Both the Protect Enable (PRE) and Write Enable 
(W) input pins must be held High during the instruc- 
tion execution. 


Protect Register Clear 


The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the Protect Register to 
all 1’s, and thus enables the execution of WRITE 
and WRALL instructions. The Protect Register 
Clear execution clears the Protect Flag to 1’. Both 
the Protect Enable (PRE) and Write Enable (W) 
input pins must be driven High during the instruc- 
tion execution. 


Note: A PREN instruction must immediately pre- 
cede the PRCLEAR instruction. 


Protect Register Write 


The Protect Register Write instruction (PRWRITE) 
is used to write into the Protect Register the ad- 
dress of the first word to be protected. After the 
PRWRITE instruction execution, all memory loca- 
tions equal to and above the specified address, are 
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protected from writing. The Protect Flag bit is set to 
0’, it can be read with Protect Register Read 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) input pins must be driven High 
during the instruction execution. 


Note: A PREN instruction must immediately pre- 
cede the PRWRITE instruction, but it is not neces- 
sary to execute first a PRCLEAR. 


Protect Register Disable 


The Protect Register Disable instruction sets the 
One Time Programmable bit (OTP bit). The Protect 
Register Disable instruction (PRDS) isa ONE TIME 
ONLY instruction which latches the Protect Regis- 
ter content, this content is therefore unalterable in 
the future. Both the Protect Enable (PRE) and Write 
Enable (W) input pins must be driven High during 
the instruction execution. The OTP bit cannot be 
directly read, it can be checked by reading the 
content of the Protect Register (PRREAD instruc- 
tion), then by writing this same value into the Pro- 
tect Register (PRWRITE instruction): when the 
OTP bit is set, the Ready/Busy status cannot ap- 
pear on the Data output (Q); when the OTP bit is 
not set, the Busy status appear on the Data output 
(Q). 


A PREN instruction must immediately precede the 
PRDS instruction. 


READY/BUSY Status 


When the ST93CS56/57 is performing the write 
cycle, the Busy signal (Q = 0) is returned if S is 
driven high, and the ST93CS56/57 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate, if S is driven 
high, that the ST93CS56/57 is ready to receive a 
new instruction. Once the ST93CS56/57 is Ready, 
the Data Output Q is set to ’1’ until a new Start bit 
is decoded or the Chip Select is brought Low. 


COMMON I/O OPERATION 


The Data Output (Q) and Data Input (D) signals can 
be connected together, through a current limiting 
resistor, to form a common, one wire data bus. 
Some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AO) and the first data bit output by Q. The reader 
should refer to the SGS-THOMSON application 
note "Microwire EEPROM Common I/O Opera- 
tion". 
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Figure 8. PRREAD, PRWRITE, PREN Sequences 
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Figure 9. PRCLEAR, PRDS Sequences 
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ORDERING INFORMATION SCHEME 


Example: ST93CS56 013TR 
Operating Voltage = ToL 
56 3V to 5.5V B PSDIP8 0 to 70 °C 013TR Tape & Reel 
57 2.5V to 5.5V OS umisame 3 —40 to 125°C Packing 
M S08 6 -40to 85°C 


Parts are shipped with the memory content set at all "1’s" (FFFFh). 


For a list of available options (Operating Voltage, Package, etc...) refer to the Selector Guide in this Data 
Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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SERIAL ACCESS CMOS 4K bit (256 x 16) EEPROM 


= MINIMUM 1 MILLION ERASE/WRITE CYCLES, 
with OVER 10 YEARS DATA RETENTION 


= SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 


=m READY/BUSY SIGNAL DURING PROGRAM- 
MING 


# SINGLE SUPPLY VOLTAGE 
— 8V to 5.5V for the ST938CS66 
— 2.5V to 5.5V for the ST93CS67 
# USER DEFINED WRITE PROTECTED AREA 
=» PAGE WRITE MODE (4 WORDS) 
= SEQUENTIAL READ OPERATION 
=» 5ms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST938CS66 and ST93CS67 are 4K bit Electri- 
cally Erasable Programmable Memory (EEPROM) 
fabricated with SGS-THOMSON’s High Endurance 
Single Polysilicon CMOS technology. The memory 
is accessed through a serial input D and output Q. 


The 4K bit memory is organized as 256 x 16 bit 
words. The memory is accessed by a set of instruc- 
tions which include Read, Write, Page Write, Write 
All and instructions used to set the memory protec- 
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. 


Table 1. Signal Names 


‘- Serial Data Input 

[a _|SerialDataoutut 
fo | Seriatclock 
[PRE | Protectenable 
Tw [Witeenabe 


October 1993 


1 


PSDIP8 (B) 


SO14 (ML) 
0.25mm Frame 


Figure 1. Logic Diagram 
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Figure 2A. DIP Pin Connections 


51956556 
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Table 2. Absolute Maximum Ratings ™ 


Parameter 


Ambient Operating Temperature 


Storage Temperature 


Lead Temperature, Soldering 


Input or Output Voltages (Q = Vou or Hi-Z) —0.3 to 6.5 
Supply Voltage —0.3 to Vcc +0.5 


Electrostatic Discharge Voltage (Human Body model) © 


Electrostatic Discharge Voltage (Machine model) 


(SO8 package) 
(PSDIP8 package) 


Figure 2B. SO Pin Connections 


SI95CS66 
SI IoGSe7 


0 to 70 
—40 to 125 
—40 to 85 


—65 to 150 


215 
260 


grade 1 
grade 3 
grade 6 


40 sec 
10 sec 


2000 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3 EIAJ IC-121 (Condition C) (200pF, 0 Q). 


DESCRIPTION (cont’d) 


The data is then clocked out serially. The address 
pointer is automatically incremented after the data 
is output and, if the Chip Select input (S) is held 
High, the ST938CS66/67 can output a sequential 
stream of data words. 


In this way, the memory can be read as a data 
stream of 16 to 4096 bits, or continuously as the 
address counter automatically rolls over to 00 when 
the highest address is reached. 


Within the time required by a programming cycle 
(tw), up to 4 words may be written with the help of 
the Page Write instruction; the whole memory may 
also be erased, or set to a predetermined pattern, 
by using the Write All instruction. 


Within the memory, an user defined area may be 
protected against further Write instructions. The 
size of this area is defined by the content of a 
Protect Register, located outside of the memory 
array. As a final protection step, data may be per- 
manently protected by programming a One Time 
Programing bit (OTP bit) which locks the Protect 
Register content. 


Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc- 
tion. 


The Write instruction writes 16 bits at one time into 
one of the 256 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca- 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing 


Reference Voltages 0.3Vcc to 0.7Vce 


VA00825 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Table 3. Endurance and Data Retention Guarantees 


Device Endurance Data Retention 
E/W ae Sani Pe 


| stescses, stescse7 | ST93CS67 | 4,000,000 ,000,000 


Table 4. Capacitance ™) (Ta = 25 °C, f = 1 MHz) 


Note: 1. Sampled only, not 100% tested. 


Table 5. DC Characteristics (Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; 
Voc = 8V to 5.5V for ST938CS66 and Vcc = 2.5V to 5.5V for ST93CS67) 


Symbol Test Condition | Min | Max_| Unit 
ee Input Leakage Current OV < Vin Veo an eee ae 


OoV< Vout Ss Vee; 


eres ee ees mre Se 
—sveemeenmm [vette [fa 
[tat [seorcineisaeey | savexceve [Ts 
estonia recs [even [a [as |v 
cee. awe 1 ae ee 
ronnenene ocean | savsvesear [2 | vet 
eT cane aaa WE 


VoL Output Low Voltage 


Output High Voltage lon = —400,A a 
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Table 6. AC Characteristics (Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; 
Voc = 8V to 5.5V for ST938CS66 and Vcc = 2.5V to 5.5V for ST938CS67) 


Tsymbet [at [Parameter | TestConaiion | win | Mex [ unt 
Twn | mes | Pec Erabie Vast oaks || so] as 
wen | tas | Wie crate Geek in | so] ae 
“two | tess | crip Seecttignocecxtion | Sid soe 
Tier | os | nputvaiete Coortign | 00 
so 
Ts 
[weer | 350 


ta 

tos 

isush Note 1 

tswov | _tsv_| Chip SelectHigh to Output valid ||| 800 | ns 
| toe | tor [Chip SelectLowtoOutputHiz ||| 00 | ns 
| ton. | tow | ClockHightoClocktow | Note? | 250 | ns 
| tan | toe _[ClockLowtoclockHigh | Note | 250 | ns 
| tw | we [erasenvritecysetime || ts 
| tc | tex [lock Frequency | | Tt 


Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tstsH) between consecutive instruction cycles. 
2. The Clock frequency specification calls for a minimum clock period of 1 us, therefore the sum of the timings tcHct + teLcH 
must be greater or equal to 1 ps. For example, if tcxct is 250 ns, then tetcy must be at least 750 ns. 


ns 
ns 
ns 
ns 
ns 


Figure 4. Synchronous Timing, Start and Op-Code Input 
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Figure 5. Synchronous Timing, Read or Write 
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DESCRIPTION (cont'd) 


tions, assuming in both cases that all addresses 
are outside the Write Protected area. After the start 
of the programming cycle, a Ready/Busy signal is 
available on the Data output (Q) when the Chip 
Select (S) input pin is driven High. 


ky areal paed eacd 


tCLPRX 


mani tSHQV #— tSLQZ 


tW 
aS NRE CYC LS Se 
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The design of the ST93CS66/67 and the High 
Endurance CMOS technology used for its fabrica- 
tion give a minimum Erase/Write cycle Endurance 
of 1,000,000 cycles and a data retention of over 10 
years. 
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POWER-ON DATA PROTECTION 


In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. When Vcc reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vcc must be applied before 
any logic signal. 


INSTRUCTIONS 


The ST93CS66/67 has eleven instructions, as 
shown in Table 7. Each instruction is composed of 
a 2 bit op-code and an 8 bit address. Each instruc- 
tion starts with the rising edge of the signal applied 
on the S input. 


Table 7. Instruction Set 


| READ | Read Data from | Read Data from Memory |X | 


WRITE 


Write Data to Memory 


PAWRITE | Page Write to Memory 


| WEN |WriteEnable = Enable 


PRREAD 


Protect Register Read 


| PREN — | Protect | Protect Register Enable _| Enable Lot | 


Note: 1. X=don'tcare bit. 


(1) Additional 


"4! 11 A7-AO D15-D0 ae 
Protected area 
Write all data if the 
WRALL Write All Memory 01XX XXXX | D15-DO | Protect Register is 
ne 


Sa ee ro] a 


X 1 10 XXXX XXXX | Q8-QO 
b 
Data above speci- 
PRWRITE | Protect Register Write 1’ so 01 A7-A0 fied address A7-A0 
are protected 
PRCLEAR | Protect Register Clear 1117 1111 
a = ; 
OTP bit is set 
[Pros isan Sea ces a er pamarerey 


The data input D is then sampled upon the following 
rising edges of the clock C until a’1’ is sampled and 
decoded by the ST93CS66/67 as a Start bit. The 
ST93CS66/67 is fabricated in CMOS technology 
and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 6). 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de- 
coded and the data from the memory is transferred 
into an output shift register. Adummy ’0’ bit is output 
first followed by the 16 bit word with the MSB first. 
Output data changes are triggered by the Low to 
High transition of the Clock (C). 


The ST93CS66/67 will automatically increment the 
address and will clock out the next word as long as 


A7- | AT-AO | 015-20 | QO 


Write is executed if 
the address is not 
inside the Pro- 
tected area 


Write is executed if 
all the addresses 


are not inside the 


14 | 41XX XXXX_ | XXXX 


Data Output = Pro- 
tect Register con- 


tent + Protect Flag 
it 


Protect Flag is also 
abet (cleared 


| AAXX XXXX XXXX 
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INSTRUCTIONS (cont'd) 


the Chip Select input (S) is held High. In this case 
the dummy ’0’ bit is NOT output between words and 
a continuous stream of data can be read. 


Write Enable and Write Disable 


The Write Enable instruction (WEN) authorizes the 
following Write instructions to be executed, the 
Write Disable instruction (WDS) disables the exe- 
cution of the following Erase/Write instructions. 
When power is first applied, the ST93CS66/67 
enters the Disable mode. When the Write Enable 
instruction (WEN) is executed, Write instructions 
remain enabled until a Write Disable instruction 
(WDS) is executed or if the Power-on reset circuit 
becomes active due to a reduced Vcc. To protect 
the memory contents from accidental corruption, it 
is advisable to issue the WDS instruction after 
every write cycle. 


The READ instruction is not affected by the WEN 
or WDS instructions. 


Write 


The Write instruction (WRITE) is followed by the 
address and the word to be written. The Write 
Enable signal (W) must be held high during the 
WRITE instruction. Data input D is sampled on the 
Low to High transition of the clock. After the last 
data bit has been sampled, Chip Select (S) must 
be brought Low before the next rising edge of the 
clock (C), in order to start the self-timed program- 
ming cycle, providing that the address is NOT inthe 
protected area. If the ST93CS66/67 is still per- 
forming the programming cycle, the Busy signal (Q 
= 0) will be returned if the Chip Select input (S) is 
driven high, and the ST938CS66/67 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate (if S is driven 
high) that the ST93CS66/67 is ready to receive a 
new instruction. 


Page Write 


A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be held 
High during the Write instruction. Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word, bits 
A1-A0 of the internal address register are incre- 
mented, the high order bits A7-A2 remaining un- 
changed. Users must take care by software to 
ensure that the last word address has the same six 
upper order address bits as the initial address 
transmitted to avoid address roll-over. 
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After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
Page Write operation will not be performed if any 
of the 4 words is addressing the protected area. If 
the ST93CS66/67 is still performing the program- 
ming cycle, the Busy signal (Q = 0) will be returned 
if the Chip Select input (S) is driven high, and the 
ST93CS66/67 will ignore any data on the bus. 
When the write cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93CS66/67 is ready to receive a new instruc- 
tion. 


Write All 


The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes the 
whole memory with the same data word included 
in the instruction. The Write Enable signal (W) 
must be held High before and during the Write 
instruction. Input address and data are read on the 
Low to High transition of the clock. — If the 
ST93CS66/67 is still performing the programming 
cycle, the Busy signal (Q = 0) will be returned if the 
Chip Select input (S) is driven high, and the 
ST93CS66/67 will ignore any data on the bus. 
When the write cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93CS66/67 is ready to receive a new instruc- 
tion. 


MEMORY WRITE PROTECTION AND PROTECT 
REGISTER 


The ST93CS66/67 offers a Protect Register con- 
taining the bottom address of the memory area 
which has to be protected against write instruc- 
tions. In addition to this Protect Register, two flag 
bits are used to indicate the Protect Register status: 
the Protect Flag enabling/disabling the protection 
of the Protect Register and the OTP bit which, when 
set, disables access to the Protect Register and 
thus prevents any further modifications of this Pro- 
tect Register value. The content of the Protect 
Register is defined when using the PRWRITE in- 
struction, it may be read when using the PRREAD 
instruction. A specific instruction PREN (Protect 
Register Enable) allows the user to execute the 
protect instructions PRCLEAR, PRWRITE and 
PRDS; this PREN instruction being used together 
with the signals applied on the input pins PRE 
(Protect Register Enable pin) and W (Write En- 
able). 
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Figure 6. READ, WRITE, WEN, WDS Sequences 
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Figure 7. PAWRITE, WRALL Sequences 


Oat ee be ee eee ee ees ee ees ee ee 
D x ian CRE 
aan fe ee ee ee ee Ge Ge 


} = CHECK 
' STATUS } 


=\> a oa Sag el El aed et ed ad 
D )i]0,0, of] x x[ois 00| ; 


(OP! ADDR | DATA IN ' BUSY! READY! 
CODE 
VACO890B 


. 9/13 
Ay7 MSsttene. = 
587 


ST93CS66, ST93CS67 


MEMORY WRITE PROTECTION (cont'd) 


Accessing the Protect Register is done by execut- 
ing the following sequence: 


— WEN: execute the Write Enable instruction, 
— PREN: execute the PREN instruction, 


— PRWRITE, PRCLEAR or PRDS: the protection 
then may be defined, in terms of size of the 
protected area (PRWRITE, PRCLEAR) and 
may be set permanently (PRDS instruction). 


Protect Register Read 


The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the content of the 
Protect Register, followed by the Protect Flag bit. 
The Protect Register Enable pin (PRE) must be 
driven High before and during the instruction. As in 
the Read instruction a dummy ’0’ bit is output first. 


Since it is not possible to distinguish if the Protect 
Register is cleared (all 1’s) or if it is written with all 
1’s, user must check the Protect Flag status (and 
not the Protect Register content) to ascertain the 
setting of the memory protection. 


Protect Register Enable 


The Protect Register Enable instruction (PREN) is 
used to authorize the use of further PRCLEAR, 
PRWRITE and PRDS instructions. The PREN in- 
sruction does not modify the Protect Flag bit value. 


Note: A Write Enable (WEN) instruction must be 
executed before the Protect Enable instruction. 
Both the Protect Enable (PRE) and Write Enable 
(W) input pins must be held High during the instruc- 
tion execution. 


Protect Register Clear 


The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the Protect Register to 
all 1’s, and thus enables the execution of WRITE 
and WRALL instructions. The Protect Register 
Clear execution clears the Protect Flag to 1’. Both 
the Protect Enable (PRE) and Write Enable (W) 
input pins must be driven High during the instruc- 
tion execution. 


Note: A PREN instruction must immediately pre- 
cede the PRCLEAR instruction. 


Protect Register Write 


The Protect Register Write instruction (PRWRITE) 
is used to write into the Protect Register the ad- 
dress of the first word to be protected. After the 
PRWRITE instruction execution, all memory loca- 
tions equal to and above the specified address, are 
protected from writing. The Protect Flag bit is set to 
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0’, it can be read with Protect Register Read 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) input pins must be driven High 
during the instruction execution. 


Note: A PREN instruction must immediately pre- 
cede the PRWRITE instruction, but it is not neces- 
sary to execute first a PRCLEAR. 


Protect Register Disable 


The Protect Register Disable instruction sets the 
One Time Programmable bit (OTP bit). The Protect 
Register Disable instruction (PRDS) is a ONE TIME 
ONLY instruction which latches the Protect Regis- 
ter content, this content is therefore unalterable in 
the future. Both the Protect Enable (PRE) and Write 
Enable (W) input pins must be driven High during 
the instruction execution. The OTP bit cannot be 
directly read, it can be checked by reading the 
content of the Protect Register (PRREAD instruc- 
tion), then by writing this same value into the Pro- 
tect Register (PRWRITE instruction): when the 
OTP bit is set, the Ready/Busy status cannot ap- 
pear on the Data output (Q); when the OTP bit is 
not set, the Busy status appear on the Data output 
(Q). 


A PREN instruction must immediately precede the 
PRDS instruction. 


READY/BUSY Status 


When the ST93CS66/67 is performing the write 
cycle, the Busy signal (Q = 0) is returned if S is 
driven high, and the ST93CS66/67 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate, if S is driven 
high, that the ST93CS66/67 is ready to receive a 
new instruction. Once the ST93CS66/67 is Ready, 
the Data Output Q is set to ’1’ until a new Start bit 
is decoded or the Chip Select is brought Low. 


COMMON I/O OPERATION 


The Data Output (Q) and Data Input (D) signals can 
be connected together, through a current limiting 
resistor, to form a common, one wire data bus. 
Some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AO) and the first data bit output by Q. The reader 
should refer to the SGS-THOMSON application 
note "Microwire EEPROM Common 1/O Opera- 
tion". 
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Figure 8. PRREAD, PRWRITE, PREN Sequences 
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Figure 9. PRCLEAR, PRDS Sequences 
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ORDERING INFORMATION SCHEME 


Example: ST93CS66 013TR 
Operating Voltage aa ToL 
66 3V to 5.5V B PSDIP8 0 to 70°C 013TR Tape & Reel 
0.25mm ‘ Packing 
67 aia to 5.5V Eame 3 -40 to 125°C 
M SO14 6 -40to 85°C 


Parts are shipped with the memory content set at all "1’s" (FFFFh). 


For a list of available options (Operating Voltage, Package, etc...) refer to the Selector Guide in this Data 
Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 


= 13/13 
kyy Sisaeeae, 
591 


7 SPI BUS EEPROM 
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ST95P04C 


SERIAL ACCESS SPI BUS CMOS 4K (512 x 8) EEPROM 


PRODUCT CONCEPT 


= MINIMUM 1 MILLION ERASE/WRITE CYCLES, 
with OVER 10 YEARS DATA RETENTION 


= SINGLE 3V to 5.5V SUPPLY VOLTAGE 
= SPI SERIAL INTERFACE COMPATIBLE 
= 1 MHz CLOCK RATE MAX 

=» BLOCK WRITE PROTECTION 

# STATUS REGISTER 

=» 16 BYTE PAGE MODE 

» WRITE PROTECT 


= SELF-TIMED 5ms (max) PROGRAMMING CY- 
CLE 


= E.S.D.PROTECTION GREATER than 4000V 


DESCRIPTION 


The ST95P04C is a 4K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Polysili- 
con CMOS technology. The 4K bit memory is or- 
ganised as 32 pages of 16 bytes. The memory is 
accessed by a simple SPI bus compatible serial 
interface. The bus signals are a serial clock input 
(C), a serial data input (D) and a serial data output 
(Q). The device connected to the bus is selected 
when the chip select input (S) goes low. Commu- 
nications with the chip can be interrupted with a 
hold input (HOLD). The write operation is disabled 
by a write protect input (W). 


Table 1. Signal Names 


fo _| Selon 
fo season 


December 1993 


1 


PSDIP8 (PS) 
0.25mm Frame 


Figure 1. Logic Diagram 


SSOP O46 


VA01063 
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“ 


Figure 2A. DIP Pin Connections 


ST9DSPO4C 


VA01064 


Table 2. Absolute Maximum Ratings ™ 


Symbol Parameter 


Ambient Operating Temperature: 


Storage Temperature 


(SO8 package) 


TLEAD Lead Temperature, Soldering 
(PSDIP8 package) 10 sec 


Electrostatic Discharge Voltage (Human Body model) (2) 


Electrostatic Discharge Voltage (Machine model) (3) 


Figure 2B. SO Pin Connections 


STIDSPO04C 


VAQ1065 


| Value | unit_| 
—40 to 125 °C 
—40 to 85 


-65 10 150 


grade 3 
grade 6 


40 sec 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 


other relevant quality documents 
2. MIL-STD-883C, 3015.7 (100pF, 1500Q) 
3. ElAJ 1C-121 (Condition C) (200pF, 0Q) 


SIGNALS DESCRIPTION 


Serial Output (Q). The output pin is used to trans- 
fer data serially out of the ST95P04C. Data is 
shifted out on the falling edge of the serial clock. 


Serial Input (D). The input pin is used to transfer 
data serially into the device. It receives instructions, 
addresses, and data to be written. Input is latched 
on the rising edge of the serial clock. 


Serial Clock (C). The serial clock provides the 
timing of the serial interface. Instructions, ad- 
dresses, or data present at the input pin are latched 
on the rising edge of the clock input, while data on 


the Q pin changes after the falling edge of the clock 
input. 

Chip Select (S). This input is used to select the 
ST95CO04P. The chip is selected by a high to low 
transition on the S pin when C is at’0’ state. At any 
time, the chip is deselected by a low to high transi- 
tion on the S pin when C is at ’0’ state. As soon as 
the chip is deselected, the Q pin is at high imped- 
ance state. This pin allows multiple ST95P04C to 
share the same SPI bus. After power up, the chip 
is at the deselect state. Non valid S transitions are 
ignored. 


2/11 : 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing 0.3Voc to 0.7Vec 


Reference Voltages 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. OUTPUT TTL LOAD 


Figure 3. AC Testing Input Output Waveforms 


FO INEE VA00527 


aa “iets 0.5Voc 


VAQD825 


Table 3. Capacitance ™) (Ta = 25 °C, f = 1 MHz) 


a 


Note: 1. Sampled only, not 100% tested. 


Table 4. DC Characteristics 
(Ta =—40 to 85°C or —40 to 125°C; Vcc = 8V to 5.5V) 


Symbol Parameter Test Condition 


loc 


tin | ax | uit 
ae ee ae Pe 
a ee 
ars 
rs 


S a oR LS way 
or Vcc, = 5. 
Vcc Supply Current (Standby) celtics 


S = Vcc, Vin = Vss 
or Vcc, Vcc = 3V 


ky SGS-THOMSON 3/11 
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Table 5. AC Characteristics 
(Ta = -40 to 85°C or -40 to 125°C; Vcc = 8V to 5.5V) 


| Symbol | ar | Parameter | Test Condition | in | Max | Unit 
| fo | fe | Glock Frequency || || Me 
| tsi | tev | Sseuptime | tt Js 
| tosh | ter | SHoidtime | to | 
| tor | twa | ClokHightime | too |r 
| ta | tm | ClocktowTime | | co | s 
| torch | tro | Glock RiseTime | ts 
| ton | tro | Clock Favtime | Ts 
| tovon | tosy | DatanSetuptime | | t0 | ns 
[| towox | tox | DatainHoldtime | ft | Ss 
| toon | ta | DatainRiseTime | ts 
| tow. | ta | DatainFautime | ts 
| two | tusy | HOLDSetupTime | | 00 || s_ 
| toux | tw | HOLDHoldTime | | too | s_ 
[ts | tos | Sdeselecttime | to | 
eS 
| tov | tv | OutputValidfrom Clooklow | | 850 | ns 
Tino | te | Outhoatine dT | 
| tor | tao | Outputrisetime fT 180 ns 
| tow | tro | OutputFatime || 880 ns 
Two | tz | HOLDHightoOuputtowz ||| ato | re 
Ee 
[Write Oyoetine | 


t Pulse Time Filtered by Input 
is Low-pass Filter 


Figure 5. Output Timing 


tQVCL 


MSB OUT : MSB-1 OUT LSB OUT 


VA01070 
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Figure 6. Serial Input Timing 


HIGH IMPEDANCE 


VA01071 


Figure 7. Hold Timing 


tCLHX 
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SIGNALS DESCRIPTION (cont'd) 


Write Protect (W). This pin is for hardware write 
protect. When W is low, non-volatile writes to the 
ST95P04C are disabled but any other operation 
functions normally. When W is high, all operations 
including non-volatile writes function normally. W 
going low at any time will reset the write enable 
latch and prevent programming. However, no ac- 
tion on W or on the write enable latch can interrupt 
a write cycle which has commenced. 


Hold (HOLD). The HOLD pin is used to pause 
serial communications with a ST95P04C without 
resetting the serial sequence. To take the Hold 
condition into account, the product must be se- 
lected. Then the Hold state is validated by a high 
to low transition on HOLD when C is low. To resume 
the communications, HOLD is brought high when 
C is low. During Hold condition D, Q, and C are at 
a high impedance state. 


When the ST95P04C is under Hold condition, it is 
possible to deselect it. However, the serial commu- 
nications will remain paused after a reselect, and 
the chip will be reset. Non valid HOLD transitions 
are ignored. 


OPERATIONS 


All instructions, addresses and data are shifted in 
and out of the chip MSB first. Data input (D) is 
sampled on the first rising edge of clock (C) after 
the chip select (S) goes low. Prior to any operation, 
a one-byte instruction code must be entered in the 
chip. This code is entered via the data input (D), 
and latched on the rising edge of the clock input 
(C). To enter an instruction code, the product must 
have been previously selected (S = low). Table 7 
shows the instruction set and format for device 
operation. When an invalid instruction is sent (one 
not contained in Table 7), the chip is automatically 
deselected. For operations that read or write data 


Table 7. Instruction Set 


Notes: A = 1, Upper page selected 
A= 0, Lower page selected 
X = Don't care 


in the memory array, bit 3 of the instruction is the 
MSB of the address, otherwise, it is a don’t care. 


Write Enable (WREN) and Write Disable (WRDI) 


The ST95P04C contains a write enable latch. This 
latch must be set prior to every WRITE or WRSR 
operation. The WREN instruction will set the latch 
and the WRDI instruction will reset the latch. The 
latch is reset under all the following conditions: 


— Wpinis low 

— Power on 

— WRDI instruction executed 
— WRSR instruction executed 
— WRITE instruction executed 


As soon as the WREN or WRODI instruction is 
received by the ST95P04C, the circuit executes the 
instruction and enters a wait mode until it is dese- 
lected. 


Read Status Register (RDSR) 


The RDSR instruction provides access to the status 
register. The status register may be read at any 
time, even during a non-volatile write. AS soon as 
the 8th bit of the status register is read out, the 


Table 6. Array Addresses Protect 


Status Register Bits 


Array Addresses 
Protected 


| ppt | epo 
8 ft | 80h 1 
oe | 


100h - 1FFh 
000h - 1FFh 
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product enters a wait mode (data on D are not 
decoded, Q is in Hi-Z) until it is deselected. 


The status register format is as follows: 


b7 bO 
re De De Jor [wet [i 


During a non-volatile write to the memory array, all 
bits BP1, BPO, WEL, WIP are valid. During a non- 
volatile write to the status register, bits WEL and 
WIP are valid. The values of BP1 and BPO read at 
that time correspond to the previous contents of the 
status register. 


The Write - In- Process (WIP) bit indicates whether 
the ST95P04C is busy with a write operation. When 
set to a’1’ a write is in progress, when set to a ’0’ 
no write is in progress. 


The Write Enable Latch (WEL) bit indicates the 
status of the write enable latch. When set to a ’1’ 
the latch is set, when set to a ’0’ the latch is reset. 


The Block Protect (BPO and BP1) bits indicate the 
extent of the protection employed. These bits are 
set by the user issuing the WRSR instruction. 
These bits are non-volatile. 


Figure 8. Read Operation Sequence 
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INSTRUCTION 


[s\ 


HIGH IMPEDANCE 


ST95P04C 


Write Status Register (WRSR) 


The WRSR instruction allows the user to select the 
size of protected memory. The ST95P04C is di- 
vided into four 1024 bit blocks. The user may read 
the blocks but will be unable to write within the 
selected blocks. 


The blocks and respective WRSR control bits are 
shown in Table 6. 


To start the write cycle, the chip must be deselected 
during the clock pulse just after the eigth bit of 
status register has been latched in, otherwise, the 
WRSR process is cancelled (see Figure 12). 


Read Operation 


The chip is first selected by putting S low. The serial 
one byte read instruction is followed by a one byte 
address (A7-A0). Bit 3 of the read instruction con- 
tains address A8 (most significant address bit). This 
bit is used to select the first or second page of the 
device. Then, the data stored in the memory at the 
selected address is shifted out on the Q output pin. 
The data stored in the memory at the next address 
can be read in sequence by continuing to provide 
clock pulses. The byte address is automatically 
incremented to the next higher address after each 
byte of data is shifted out. When the highest ad- 
dress is reached (1FFh), the address counter rolls 
over to Oh allowing the read cycle to be continued 


VWOe hh V2 TS TE AS Me AP AB WO BOA 22 2S 


BYTE ADDRESS coral 


DATA OUT 


ST 


MSB 


VA01066 
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Figure 9. Write Enable Latch Sequence 


HIGH IMPEDANCE 


VA01067 


Figure 10. Write Operation Sequence 


Bo Or 10 the AZ A TS nS Be TP) TG he 220" ATA 22" 25 


BYTE ADDRESS DATA BY 


HIGH IMPEDANCE 


VA01068 
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Figure 11. Page Write Operation Sequence 


Zz 2 
OG’ 509 
24 25 26.27 28 .29 S50 31 7 o 


a DATA BYTE 2 ———— DATA. BYTE ON pra a DATA BYTE 16 


IREXEKEREXEXKREREXEKEMEREKIKOKEK EKER EKER EK IK) 


VA01069 


Figure 12. RDSR: Read Status Register Sequence 


10 11 12 13 14 15 


INSTRUCTION | 


STATUS REG. OUT 


MSB 


HIGH IMPEDANCE 


VA01116 
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Figure 13. WRSR: Write Status Register Sequence 


INSTRUCTION 


HIGH IMPEDANCE 


OPERATIONS ( cont’d) 


indefinitely. The read operation is terminated by 
deselecting the chip. The chip can be deselected 
at any time during data output. Any read attempt 
during a non-volatile write cycle will be rejected and 
will deselect the chip. 


Byte Write Operation 


Prior to any write attempt, the write enable latch 
must have been set by issuing the WREN instruc- 
tion. First, the device is selected (S = low) anda 
serial WREN instruction byte is issued. Then, the 
product is deselected by taking S high. After the 
WREN instruction byte is sent, the ST95CO04P will 
set the write enable latch and then remain in 
standby until it is deselected. Then, the write state 
is entered by selecting the chip, issuing a one byte 
address (A7-A0), and one byte of data. Bit 3 of the 
write instruction contains address A8 (most signifi- 
cant address bit). S must remain low for the entire 
duration of the operation. The product must be 
deselected just after the eigth bit of data has been 
latched in. If not, the write process is cancelled. As 
soon as the product is deselected, the self-timed 
write cycle is initiated. While the write is in progress, 
the status register may be read to check BP1, BPO, 
WEL and WIP. WIP is high during the self-timed 
write cycle. When the cycle is close to completion, 
the write enable latch is reset. 


12 13 14 15 


VA01117 


Page Write Operation 


A maximum of 16 bytes of data may be written 
during one non-volatile write cycle. All 16 bytes 
must reside on the same page. The page write 
mode is the same as the byte write mode except 
that instead of deselecting after the first byte of 
data, up to 15 additional bytes can be shifted in 
prior to deselecting the chip. Apage address begins 
with address xxxx 0000 and ends with xxxx 1111. 
If the address counter reaches xxxx 1111 and the 
clock continues, the counter will roll over to the first 
address of the page (xxxx 0000) and overwrite any 
previous written data. The programming cycle will 
only start if the S transition does occur at the clock 
low pulse just after the eigth bit of data of a word is 
received. 


POWER ON STATE 


After a Power up the ST95P04C is in the following 
State: 


— The device is in the low power standby state. 
— The chip is deselected. 

— The chip is not in hold condition. 

— The write enable latch is reset. 


— BP1 and BPO are unchanged (non-volatile 
bits). 


10/11 : 
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DATA PROTECTION AND PROTOCOL SAFETY — After either of the following operations 

— All inputs are protected against noise, see Ta- (WREN, WRDI, RDSR) is completed, the chip 
ble 5. enters a wait state and waits for a deselect. 

— Non valid S and HOLD transitions are not — The write enable latch is reset upon power-up. 
taken into account. — The write enable latch is reset when W is 

— S must come high at the proper clock count in brought low. 


order to start a non-volatile write cycle (in the 
memory array or in the cycle status register). 


The Chip Select S must rise during the clock INITIAL DELIVERY STATE 

pulse following the introduction of a multiple of The device is delivered with the memory array in a 

8 bits. fully erased state (all data set at all "1’s" or FFh). 
— Access to the memory array during non-vola- The block protect bits are initialized to 00. 


tile programming cycle is cancelled and the 
chip is automatically deselected; however, the 
programming cycle continues. 


ORDERING INFORMATION SCHEME 


Example: ST95P04C M 1 TR 


Data Strobe Temperature Range 


P* Df QL, PS PSDIP8 3* -40 to 125 °C TR Tape & Reel 
Np. alr 0.25 mm Frame 6 401085 °C Packing 
M S08 


Notes: P* Data In strobed on rising edge of the clock (C) and Data Out synchronized from the falling edge of the clock. 
N* On Request Only. Data In strobed on the falling edge of the clock and Data Out synchronized on the rising edge of the clock. 
3* Temperature range on request only. 


For a list of available options (Package, Temperature Range, etc...) refer to the Selector Guide in this Data 
Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PARALLEL EEPROM 


ky7 36S THOMSON M28C64C 


PARALLEL ACCESS CMOS 64K (8K x 8) EEPROM 


=m FAST ACCESS TIME: 150, 200, 250ns 
m SINGLE SUPPLY VOLTAGE: 5V + 10% 
=» LOW POWER CONSUMPTION: 
— Active Current 30mA 
— Standby Current 100uA 
FAST WRITE CYCLE: 
— 32 Bytes Page Write Operation 
— Byte or Page Write Cycle: 5ms 
» ENHANCED END OF WRITE DETECTION: 
— Ready/Busy Open Drain Output 
— Data Polling 
— Toggle Bit 
= PAGE LOAD TIMER STATUS BIT 


=m HIGH RELIABLITY SINGLE POLYSILICON, TSOP28 (N) 
CMOS TECHNOLOGY: 8 x13.4mm 


— Endurance > 100,000 Erase/Write Cycles 
— Data Retention > 10 Years 
a JEDEC APPROVED BYTEWIDE PIN OUT Figure 1. Logic Diagram 
a ADDRESS and DATALATCHED ON-CHIP 


DESCRIPTION 


The M28C64C is an 8K x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time (150ns) with low power dissipation 


and requires a 5V power supply. DQO0—DQ7 


Table 1. Signal Names M28C64C 


Data Input / Output 
Chip Enable 


VA007468 


October 1993 1/10 
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Table 2. Absolute Maximum Ratings 


symbol | Parameter | Value |i 


Ambient Operating Temperature: grade 1 
grade 6 — 40 to 85 


Input Voltage ; -—0.3 to 6.5 
Electrostatic Discharge Voltage (Human Body model) 2000 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections 


28 
Ze 
26 
29 
24 
25 


22 
M28C64C 71 M28C64C 29 


VA0Q0747 
VA00748 


Warning: NC = No Connection Warning: NC = No Connection 


Figure 2C. SO Pin Connections Figure 2D. TSOP Pin Connections 


M28C64C M28C64C 


VA00876 


VA01016 
Warning: NC = No Connection Warning: NC = No Connection 
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Figure 3. Block Diagram 


ADDRESS 
LATCH 6L_| 


ADDRESS 
LATCH 


LJ 
Q 
oO 
O 
W 
a) 
x 


Table 3. Operating Modes 


Vit 


Standby / Write Inhibit 


Output Disable 


Note: X = Vin or Vit 


DESCRIPTION (cont'd) 


The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 
and software handshaking with Ready/Busy, Data 
Polling and Toggle Bit. The M28C64C supports 32 
byte page write operation. 


M28C64C 


ATD & CONTROL LOGIC 


64K ARRAY 


PLTS 
TOGGLE BIT 
DATA POLLING 


VA00877B 


Data Out or Hi-Z 


PIN DESCRITPION 


Addresses (A0-A12). The address inputs select 
an 8-bit memory location during a read or write 
operation. 


Chip Enable (E). The chip enable input must be 
low to enable all read/write operations. When Chip 
Enable is high, power consumption is reduced. 


« 3/10 
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PIN DESCRIPTION (cont'd) 


Output Enable (G). The Output Enable input con- 
trols the data output buffers and is used to initiate 
read operations. 


Data In/ Out (DQO - DQ7). Data is written to or read 
from the M28C64C through the I/O pins. 


Write Enable (W). The Write Enable input controls 
the writing of data to the M28C64C. 


Ready/Busy (RB). Ready/Busy is an open drain 
output that can be used to detect the end of the 
internal write cycle. 


OPERATION 


In order to prevent data corruption and inadvertent 
write operations during power-up, a Power On 
Reset (POR) circuit resets all internal programming 
cicuitry. Access to the memory in write mode is 
allowed after a power-up as specified in Table 6. 


Read 


The M28C64C is accessed like a static RAM. 
When E and G are low with W high, the data 
addressed is presented on the I/O pins. The I/O 
pins are high impedance when either G or E is high. 
Write - 

Write operations are initiated when both W and E 
are low and G is high. The M28C64C supports both 
E and W controlled write cycles. The Address is 
latched by the falling edge of E or W which ever 
occurs last and the Data on the rising edge of E or 
W which ever occurs first. Once initiated the write 
operation is internally timed until completion within 
5ms. 


Page Write 


Page write allows up to 32 bytes to be consecu- 
tively latched into the memory prior to initiating a 
programming cycle. All bytes must be located in a 
single page address, that is A5 - Al2 must be the 
same for all bytes. The page write can be initiated 
during any byte write operation. 


Following the first byte write instruction the host 
may send another address and data up to a maxi- 
mum of 100s after the rising edge of E or W which 
ever occurs first (tic). If a transition of E or W is 
not detected within 100us, the internal program- 
ming cycle will start. 


Microcontroller Control! Interface 


The M28C64C provides two write operation status 
bits and one status pin that can be used to minimize 
the system write cycle. These signals are available 
on the I/O port bits DQ7 or DQ6 of the memory 
during programming cycle only, or as the RB signal 
on a separate pin. 


Figure 4. Status Bit Assignment 


DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQ0 


Lop | 78 [puts] wiz] Hiz | Wiz | Hi-Z | He | 


DP = Data Polling 
TB = Toggle Bit 
PLTS = Page Load Timer Status 


Data Polling bit (DQ7). During the internal write 
cycle, any attempt to read the last byte written will 
produce on DQ7 the complementary value of the 
previously latched bit. Once the write cycle is fin- 
ished the true logic value appears on DQ7 in the 
read cycle. 


Toggle bit (DQ6). The M28C64C also offers an- 
other way for determining when the internal write 
cycle is completed. During the internal Erase/Write 
cycle, DQ6 will toggle from "0" to "1" and "1" to "O" 
(the first read value is "0") on subsequent attempts 
to read the memory. When the internal cycle is 
completed the toggling will stop and the device will 
be accessible for a new Read or Write operation. 


Page Load Timer Status bit (DQ5). In the Page 
Write mode data may be latched by E or W up to 
100us after the previous byte. Up to 32 bytes may 
be input. The Data output (DQ5) indicates the 
status of the internal Page Load Timer. DQ5 may 
be read by asserting Output Enable Low (tptts). 
DQ5 Low indicates the timer is running, High 
indicates time-out after which the write cycle will 
start and no new data may be input. 


Ready/Busy pin. The RB pin provides a signal at 
its open drain output which is low during the 
erase/write cycle, but which is released at the 
completion of the programming cycle. 
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AC MEASUREMENT CONDITIONS Figure 6. AC Testing Equivalent Load Circuit 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 
Input and Output Timing Ref. Voltages  0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 5. AC Testing Input Output Waveforms 
DEVICE 


UNDER 
TEST 


C, includes JIG capacitance 


VA00826 


VA01129 


Table 4. Capacitance ™) (Ta = 25 °C, f = 1 MHz) 


Note: 1. Sampled only, not 100% tested. 


Table 5. Read Mode DC Characteristics (Ta = 0 to 70°C or -40 to 85°C, Vcc = 5V + 10%) 


Input High Voltage 
Output Low Voltage lo. =2.1mMA 


Time Delay to Read Operation 
Time Delay to Write Operation 


Note: 1. Sampled only, not 100% tested. 
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Table 7. Read Mode AC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C, Vcc = 5V + 10%) 


t t Chip Enable Low to 
erey CE | Output Valid 


t t Output Enable Low to 
ane OE | Output Valid 


spermerove [au 
Ouiputhz 
Ciro [FM E¥ 


Note: 1. Output Hi-Z is defined as the point where data is no longer driven. 


Figure 7. Read Mode AC Waveforms 


VALID } 
— tAVQV tAXQX 


DQO0—DQ7 DATA OUT 


VA00749 


Note: W = High 
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Table 8. Write Mode AC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C, Vcc = 5V +10%) 


Address Valid to Write Enable Low 
te | Ms Address Valid to Chip Enable Low G=Vin, W= Vit fo | | ons | 


wu fe] [ew 
1 ne oe Fe te 
ts la Ct 
Pn [or feemetsesnr renin [Le [Ta 
Tmo | tor [wiv eniotowtonmuvaia | EoweSevw | [a | we 
Tew |r [enw entstowiohoutvats [Sevens | [1 [we 
Twin [we [Wis eae ovowiioemsengn | wo | 
re 
a a 


| tena. | tos | | Chip Enable High to Output Enable Low | Enable High to Output Enable lw] fio | | ons | 
tem | ter [one Eraverontownesraperin | «|e || me 
inex | tow [wit eneioHchiotmaTeneton |_| | | me 
a a 
[wom | ww [wie Ent gh owe Erabiotow |__| aw |_| me _ 
[amr | ime [yeLonsrereaGwieime | ——Sd«d| 0 | 
wim | we [watwcreetme | Tis | 
wine | tbe [Wit nab iho Reaovounyiow | woes [| 150 | me 
tame | te [orienaverigntoneaayousyiow | nowt || 150 | me 
ov | tw | aia vaisbetre wits enebieron | | > || oe 
[ever | te [ata valcbsie cnperaverion | «| so || ow 


Note’ 1. With a 3.3 kQ pull-up resistor. 
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Figure 8. Write Mode AC Waveforms - Write Enable Controlled 
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Figure 9. Write Mode AC Waveforms - Chip Enable Controlled 
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Figure 10. Page Write Mode AC Waveforms - Write Enable Controlled 
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Figure 11. Data Polling Waveforms Sequence 
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Figure 12. Toggle Bit Waveforms Sequence 
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Note: 1. First Toggle bit is forced to ’0’ 


ORDERING INFORMATION SCHEME 


Example: M28C64C =-150 K 
cl Temperature Range 

-150 150 ns PLCC32 1 0 to 70°C 
-200 200 ns P PDIP28 6 -40to 85°C 
-250 250 ns M $028 

330 mils 

N TSOP28 
8 x 13.4mm 


For a list of available options (Speed, Package, Temperature Range, etc... ) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 


_ For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 


10/10 . 
oT bir STOOD 
618 


FAST SRAM 


619 


AY/, BiSoruenomes 


M624064 


VERY FAST CMOS 64K x 4 SRAM 


# 64K x 4 CMOS FAST SRAM 


m EQUAL CYCLE and ACCESS TIMES: 
12, 15, 20ns 


B LOW Vcc DATA RETENTION: 2V 
a TRI-STATE COMMON I/O 


a JEDEC PLASTIC SOJ and DIP, 300 mil PACK- 
AGES 


DESCRIPTION 


The M624064 is a 256K (262,144 bit) Fast CMOS 
SRAM, organized as 65,536 words by 4 bits. It is 
fabricated using SGS-THOMSON’s Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad- 
dress access and cycle times. It requires a single 
SV + 10% supply, and all inputs and outputs are 
TTL compatible. 


Table 1. Signal Names 


fe [otras 
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This is advance information on a new product now in development or undergoing evaluation Details are subjet to change without notice 


ADVANCE DATA 


\ 4 


1 1 


PSDIP24 (PS) SOJ24 (E) 


300 mils 


Figure 1. Logic Diagram 
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Figure 2A. SDIP Pin Connections Figure 2B. SOJ Pin Connections 
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Table 2. Absolute Maximum Ratings “) 


Symbol 
V 


0 


Note: 1. Except for the rating "Operating Temperature Range" stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied Exposure to Absolute Maximum 
Ratings conditions for extended periods may affect device reliability Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 
2. Up to a maximum operating Vcc of 5.5V only. 
3. One output at a time, not to exceed 1 second duration. 


Table 3. Operating Modes 


Note: X = Vin or Vit 
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Figure 3. Block Diagram 


READ MODE 


The M624064 is in the Read mode whenever Write 
Enable (W) is high, with Chip Enable (E) asserted 
low. This provides access to data from four of the 
262,144 locations in the static memory array, spec- 
ified by the 16 address inputs. Valid data will be 
available at the four output pins within tavav after 
the last stable address, providing E is Low. If Chip 
Enable access time is not met, data access will be 
measured from the limiting parameter (teLav) 
rather than the address. Data out may be indeter- 
minate at teLox, but datalines will always be valid 
at tavav. 


WRITE MODE 


The M624064 is in the Write mode whenever the 
W and E pins are Low. Either the Chip Enable input 
(E) or the Write Enable input (W) must be de-as- 
serted during Address transitions for subsequent 
write cycles. Write begins with the concurrence of 
Chip Enable being active with W Low. Therefore, 
address setup time is referenced to Write Enable 
and Chip Enable as tavwt and tave. respectively, 
and is determined by the latter occurring edge. The 
Write cycle can be terminated by the earlier rising 
edge of E or W. 


M624064 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times <1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 4. AC Testing Load Circuit 
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Table 4. Capacitance “ (Ta = 25 °C, f = 1 MHz) 


Symbol Parameter Test Condition 
Input Capacitance on allpins (exceptba) | Vw=ov | |_| pr 
Cour @ Output Capacitance Vout = OV | | | ope 


Notes: 1. Sampled only, not 100% tested 
2. Outputs deselected 


Table 5. DC Characteristics (Ta =0 to 70 °C, Vcc = 5V + 10%) 


| ot | Input Leakage Current OV < Vin $ Voc aa 
Output Leakage Current OV < Vout $ Vcc al 


Vcc = 5.5V, (-12) 
Supply Current Voc = 5.5V, (-15) 


loc 


Iu 

mA 
(1) 

mA 
Vcc = 5.5V, (-20) P| t60 mA 

= E> _ 

ya Current (Standby) Voc = 5.5V, ae ie 0.2V, a mA 
Input Low Voltage Pe 
Input High Voltage ee ee ee 


Notes: 1. Average AC current, Outputs open, cycling at tavav minimum 
2. All other Inputs at Vi < 0.8V or Vin = 2.2V ; 
3. All other Inputs at Vit < 0.2V or Vin = Vec — 0.2V 


[10 | ma 
ae 


WRITE MODE (cont'd) OPERATIONAL MODE 


= The M624064 has a Chip Enable power down 
If the Output is enabled (E = Low), then Write feature which invokes an automatic standby mode 
Enable (W) will return the outputs to high imped- whenever Chip Enable is de-asserted (E = High). 
ance within twiaz of its falling edge. Care must be = Qnerational modes are determined by device con- 
taken to avoid bus contention in this type of oper- trol inputs W and E as summarized in the Operating 
ation. Data input must be valid for tovwu before the Modes table. 


rising edge of Write Enable, or for toveH before the 
rising edge of E whichever occurs first, and remain 
valid for twHpx or teHDx. 
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Table 6. Read and Standby Modes AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


Pin [oe [ wn | woe [ on | toe 
[iw [rawonetme ie | fe | fe] 
nev” [adivsevadtoounavens | | @ | | | | 2 | 
Tao! [erin erabiotowicoupaverd | | [| [| | w 
twee [chin able HighoOupunez [0 
Tw [etineraieiopowerup 0 
Te [otipenetiotroverdown | 


Notes: 1. C_ = 30pF (see Figure 4) 
2. C_ = 5pF (see Figure 4) 
3. Guaranteed but not tested (see Figure 7) 
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Figure 5. Address Controlled, Read Mode AC Waveforms 
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Note: E =Low, W=High 
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Figure 6. Chip Enable Controlled, Read Mode AC Waveforms 
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Figure 7. Standby Mode AC Waveforms 
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Table 7. Write Mode AC Characteristics (Ta =0 to 70°C, Vcc = 5V + 10%) 


pe] mee ae re 
[win | Max | Min | nex | Min | Max 


[iow [wieowetme ide | | fm] 
won| Ades Visto Wite Erabistw Jo | [0 | [0 [| ws 
tans | Adress Vato wite Enabionion |e | [10 | | 2] | ns 
wr | Adress Vaidto Crip Enabiorignh | 0 | | 0 | | 2 | | ns 
wane | wie enatiePuse win ite | | | | 2 || ns 
sx | Wie Erato High to AsresoTiansin | 0 | [0 | [0 || ns 
wo | wie enabieHightoinpuriastin | o | | 0 [| | 0 [| ne 
twox | chip Enabi Hightotputriastion | 0 | | 0 | | 0 | | ms 
wax | wie Enable Highto Ouputanstin | o | | 0 | | o [| ms 
T iwce | wriecnabictowicoupatinz | 0 |e | o |» |o | 1 | os 
wer | Adress Vatsto Grip Enetiouw | 0 | |o | | o | | m= 
Tax | chip Enatie Low to chp Enabiewign | 0 | | 0 | | as | | as 
[ows | crpembioniontonasess ersten [0 [| o | | o | | 
own | nputvaldio witeenabevign | 7 | | 8 | |v | | ns 
[two [put Vaidt crip Eravionign | 7 | |e | | | ns 


Note: 1. C, = 5pF (see Figure 4) 


Figure 8. Write Enable Controlled, Write AC Waveforms 
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Figure 9. Chip Enable Controlled, Write AC Waveforms 
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Table 8. Low Vcc Data Retention Characteristics (Ta =0 to 70°C, Vcc = 2V to 4.5V) 


symor[Paremer (| —TestConation |i 
con’? | Sopay Curent OataReteton) | Veo=oVEe Vocmoauieo |_| 
ai 


Chip Disable to Power Down E2=Vcc—0.2V, f= 


Notes: 1. All other Inputs Vin = Vcc — 0.2V or Vi < 0 2V 
2. See Figure 10 for measurement points. Guaranteed but not tested 


Figure 10. Low Vcc Data Retention AC Waveforms 
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ORDERING INFORMATION SCHEME 


Example: M624064 -i2 E 1 


Temperature Range 


-12 12 ns PS PSDIP24 1 0 to 70°C 
-15 15ns E SOJ24 
20 20 ns 300 mils 


For a list of available options (Speed, Package etc... ) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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STIGROELECTRONICS 


M624065 


VERY FAST CMOS 64K x 4 SRAM WITH OUTPUT ENABLE 


m 64K x 4 CMOS FAST SRAM with OUTPUT EN- 
ABLE 


» EQUAL CYCLE and ACCESS TIMES: 
12, 15, 20ns 


# LOW Vcc DATA RETENTION: 2V 
TRI-STATE COMMON I/O 


a» JEDEC PLASTIC SOJ and DIP, 300 mil PACK- 
AGES 


DESCRIPTION 


The M624065 is a 256K (262,144 bit) Fast CMOS 
SRAM, organized as 65,536 words by 4 bits. It is 
fabricated using SGS-THOMSON’s Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad- 
dress access and cycle times. It requires a single 
5V + 10% supply, and all inputs and outputs are 
TTL compatible. 


Table 1. Signal Names 
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PSDIP28 (PS) SOJ28 (E) 


300 mils 


Figure 1. Logic Diagram 
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This 1s advance information on a new product now tn development or undergoing evaluation. Details are subjet to change without notice. 
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Figure 2A. SDIP Pin Connections Figure 2B. SOJ Pin Connections 
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Note: 1. Except for the rating "Operating Temperature Range" stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied Exposure to Absolute Maximum 
Ratings conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 
2. Up to a maximum operating Vcc of 5.5V only. 
3. One output at a time, not to exceed 1 second duration. 


Table 3. Operating Modes 


ae [vor00s [Power 


Note: X = Vin or Vit 
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Figure 3. Block Diagram 


CHIP 
ENABLE 


READ MODE 


The M624065 is in the Read mode whenever Write 
Enable (W) is High, with Output Enable (G) Low, 
with Chip Enable (E) asserted Low. This provides 
access to data from four of the 262,144 locations 
in the static memory array, specified by the 16 
address inputs. Valid data will be available at the 
four output pins within tavav after the last stable 
address, providing G is Low, and E is Low. If Chip 
Enable or Output Enable access times are not met, 
data access will be measured from the limiting 
parameter (teLav or teLav) rather than the address. 
Data out may be indeterminate at teLax and teLax, 
but data lines will always be valid at tavav. 


WRITE MODE 


The M624065 is in the Write mode whenever the 
W and E pins are Low. Chip Enable E or W must 
be deasserted during Address transitions for sub- 
sequent write cycles. The Write begins with the 
concurrence of Chip Enable and W being asserted 
low. Therefore, address setup time is referenced to 
Write Enable and Chip Enable as tavwi and tavet 
respectively and is determined to the latter concur- 
rence edge. The Write cycle can be terminated by 
the earlier rising edge of E or W. If the Output is 
Enabled (E = Low, G = Low), then W will return the 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 4. AC Testing Load Circuit 
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Table 4. Capacitance ™ (Ta = 25 °C, f= 1 MHz) 


Notes: 1. Sampled only, not 100% tested 
2. Outputs deselected 


Table 5. DC Characteristics (Ta = 0 to 70 °C, Vcc = 5V + 10%) 


jpaeeeteni Output Leakage Current OV < Vout $ Vcc ame ie 


ae a a a 
loc1 Supply Current Voc = 5.5V, (-15) | Vecassviits) | | tao | ma 
Sasa ee ia 


ee — <a 
eo. Veen eT oe a 
a a 7 a a 


Notes: 1. Average AC current, Outputs open, cycling at tavay minimum 
2. All other Inputs at Vit < 0.8V or Vin 2 2.2V 
3. All other Inputs at Vit < 0.2V or Vin = Vcc — 0.2V 


WRITE MODE (cont'd) 


outputs to high impedance within twiqz Of its falling 
edge. Care must be taken to avoid bus contention 
in this type of operation. Data input must be valid 
for tovwu before the rising edge of Write Enable, or 
for toveH before the rising edge of E whichever 
occurs first, and remain valid for twHpx or teHDx. 


OPERATIONAL MODE 


The M624065 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever Chip Enable is deasserted (E = High). 
An Output Enable (G) pin provides a high speed 
tristate control, allowing fast read/write cycles to be 
achieved with the common-l/O data bus. Opera- 
tional modes are determined by device control 
inputs W and E as summarized in the Operating 
Modes table. 
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Table 6. Read and Standby Modes AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


M624065 


Tet [sl [| [we 
ee ee et 

Tae? [etn eats twivoupurvata | |e | [is | | |e 
Ta [opt trae oviwouratvas | [7 | pe | pole 
Ttaax® [tinea towtvouputtension | 2 | [| s | [so | [ww 
Tax? | oupuenate ton vouputtarsion | 0 | | o | [0] | w_ 
wer [etpenatorignoowunz | © | 7 [o[s]o | w| mw 
ane [Ouputenaicrignoouanz | 0 | 7 [ols [ow [rm 
woe? [natios Tartine OaputTansion | 3 | [2 | [so | [we 
Tw loipentcworoerue sto | fof pe) |= 
[® [otnenietroveroom | tei] [«| [=[ 


Notes: 1. C. = 30pF (see Figure 4) 
2. CL = 5pF (see Figure 4) 
3. Guranteed but not tested (see Figure 7) 


Figure 5. Address Controlled, Read Mode AC Waveforms 
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Note: E =Low, G=Low, W=High 
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Figure 6. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 
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Table 7. Write Mode AC Characteristics (Ta =0 to 70°C, Vcc = 5V + 10%) 


M624065 


ee 
[min | Max | Min | Max | 

wav | Write CycleTime | 12 || ot || 20 
| tom | Address Validto Write EnableLow | o | | o | | 
| tw | Address Validto Write EnableHigh | 9 | | to | | 22 
| taven | Address Validto Chip EnableHign | 9 | | to | | 12 


Symbol Parameter 


Write Enable High to Address Transition 


Note: 1. C._=5pF (see Figure 4) 


Figure 8. Write Enable Controlled, Write AC Waveforms 
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Note: G=Low 
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Figure 9. Chip Enable Controlled, Write AC Waveforms 
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Note: G=High 


Table 8. Low Vcc Data Retention Characteristics (Ta =0 to 70°C, Vcc = 2V to 4.5V) 


Supply Current (Data Retention) Voc = 3V, E = Vcc — 0.2V, f=0 Pee 
Supply Voltage (Data Retention) E> Vcc —0.2V,f=0 


Chip Disable to Power Down E> Vcc — 0.2V, f= 


Notes: 1. All other Inputs Vin > Vcc — 0.2V or Vi. < 0.2V 
2. See Figure 10 for measurement points. Guaranteed but not tested. 


Figure 10. Low Vcc Data Retention AC Waveforms 
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ORDERING INFORMATION SCHEME 


Example: M624065 -12 E 1 


Temperature Range 


-12 12 ns PS PSDIP28 1 0 to 70°C 
-15 15 ns E SOJ28 
20 20 ns 300 mils 


For a list of available options (Speed, Package etc...) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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M628032 


VERY FAST CMOS 32K x 8 SRAM WITH OUTPUT ENABLE 


m 32K x 8 CMOS FAST SRAM with OUTPUT EN- 
ABLE 


=» EQUAL CYCLE and ACCESS TIMES: 
12, 15, 20ns 


=» LOW Vcc DATA RETENTION: 2V 
# TRI-STATE COMMON I/O 


=» JEDEC PLASTIC SOJ and DIP, 300 mil PACK- 
AGES 


DESCRIPTION 


The M628032 is a 256K (262,144 bit) Fast CMOS 
SRAM, organized as 32,768 words by 8 bits. It is 
fabricated using SGS-THOMSON’s Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad- 
dress access and cycle times. It requires a single 
5V + 10% supply, and all inputs and outputs are 
TTL compatible. 


Table 1. Signal Names 
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PSDIP28 (PS) SOJ28 (E) 


300 mils 


Figure 1. Logic Diagram 
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Figure 2A. SDIP Pin Connections Figure 2B. SOJ Pin Connections 
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Notes: 1. Except for the rating "Operating Temperature Range" stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Ratings conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 
2. Up to a maximum operating Vcc of 5.5V only. 
3. One output at a time, not to exceed 1 second duration. 


Table 3. Operating Modes 


Note: X = Vin or Vit 
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Figure 3. Block Diagram 


CHIP 
ENABLE 


READ MODE 


The M628032 is in the Read mode whenever Write 
Enable (W) is High, with Output Enable G Low, and 
Chip Enable (E) asserted Low. This provides ac- 
cess to data from nine of the 262,144 locations in 
the static memory array, specified by the 15 ad- 
dress inputs. Valid data will be available at the eight 
output pins within tavav after the last stable _ad- 
dress, providing G is Low, and Chip Enable E is 
Low. If Chip Enable or Output Enable access times 
are not met, data access will be measured from the 
limiting parameter (teLav or taLav) rather than the 
address. Data out may be indeterminate at teLax 
and terax, but datalines will always be valid at 
tavav. 


WRITE MODE 


The M628032 is in the Write mode whenever the 
W and E pins are Low. Chip Enable input E or the 
Write Enable input (W) must be de-asserted during 
Address transitions for subsequent write cycles. 
Write begins with the concurrence of Chip Enable 
being active with W Low. Therefore, address setup 
time is referenced to Write Enable and Chip Enable 
as tavwi and taver respectively, and is determined 
by the latter occurring edge. The Write cycle can 
be terminated by the earlier rising edge of E or W. 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages  1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 4. AC Testing Load Circuit 
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C, includes JIG capacitance 
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Table 4. Capacitance “) (Ta = 25 °C, f= 1 MHz) 


Notes: 1. Sampled only, not 100% tested 
2. Outputs deselected 


Table 5. DC Characteristics (Ta = 0 to 70 °C, Vcc = 5V + 10%) 


symbol 
ae on Input Leakage Current 
La aie Output Leakage Current 


— 
( ) 


Test Condition 
OV < Vin < Voc 
OV < Vout $ Vec 

Vcc = 5.5V, ( 
Voc = 5.5V, (-15) 
Vcc = 5.5V, (-20) 


Input High Voltage 
Output Low Voltage 


Notes: 1. Average AC current, Outputs open, cycling at tavav minimum 
2. All other Inputs at Vit < 0.8V or Vin 2 2.2V 
3. All other Inputs at Vit < 0.2V or Vin = Vcc — 0.2V 


OPERATIONAL MODE 


The M628032 has a Chip Enable power down 
feature which invokes an automatic standby mode 


WRITE MODE (cont’d) 
If the Output is enabled (E = Low and G = Low), 


then W will return the outputs to high impedance 
within twLaz Of its falling edge. Care must be taken 
to avoid bus contention in this type of operation. 
Data input must be valid for tovwu before the rising 
edge of Write Enable, or for toveH before the rising 
edge of E, whichever occurs first, and remain valid 
for twHpx Or teHDx. 


whenever Chip Enable is de-asserted (E = High). 
An Output Enable (G) pin provides a high speed 
tri-state control, allowing fast read/write cycles to 
be achieved with the common-l/O data bus. Oper- 
ational modes _are determined by device control 
inputs W and E as summarized in the Operating 
Modes table. 
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Table 6. Read and Standby Modes AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


M628032 
Symbol Parameter 


Chip Enable to Power Up 
Chip Enable to Power Down 


Notes: 1. C. = 30pF (see Figure 4) 
2. CL = S5pF (see Figure 4) 
3. Guaranteed but not tested (see Figure 7) 


Figure 5. Address Controlled, Read Mode AC Waveforms 


DQ0-DQ7 DATA VALID 


VA01090 


Note: E =Low, G=Low, W=High 
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Figure 6. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 


VALID 


tAVQV 
tELQV 


tELQX ey 


tGLQV 


tGLQx 


DQO0—-DQ7 (DATA OUT =) OUT 


VA00925 


Note: W=High 


Figure 7. Standby Mode AC Waveforms 
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Table 7. Write Mode AC Characteristics (Ta =0 to 70°C, Vcc = 5V + 10%) 


M628032 


tw 


Input Valid to Chip Enable High 


Note: 1. C.=5pF (see Figure 4) 


1 


| 10 
em 
ee 
ite 
Loe 
Con 
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Lace) 
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“I 
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Figure 8. Write Enable Controlled, Write AC Waveforms 


VALID 


tD VWH 


DQ0—-DQ7 DATA INPUT 


VA00926 


Note: G=Low 
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Figure 9. Chip Enable Controlled, Write AC Waveforms 


tAVAV 
tAVEH 
tAVEL tEHAX 
E 
tAVWL 
W 


tEHDX 


DQ0—DQ7 ‘ DATA INPUT 
tDVEH acca 


VA00927 
Note: G=High 


Table 8. Low Vcc Data Retention Characteristics (Ta = 0 to 70°C, Vcc = 2V to 4.5V) 


Supply Current (Data Retention) Voc = 8V, E2 Voc - 0.2V, f=0 ) | 200 | wa | 
Supply Voltage (Data Retention) E2Vcc—0.2V, f=0 


tcpr ‘?) Chip Disable to Power Down E2>Vcc—0.2V,f=0 
Operation Recovery Time 


Notes: 1. All other Inputs Vin = Vcc — 0.2V or Vit $ 0.2V 
2. See Figure 10 for measurement points. Guaranteed but not tested 


Figure 10. Low Vcc Data Retention AC Waveforms 


DATA RETENTION MODE 


VAQ0802B 
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ORDERING INFORMATION SCHEME 


Example: M628032 -12 E 


Temperature Range 


| Speed | Package 
12 ns PSDIP28 1 Oto70°C 
-15 15 ns E SOJ28 
20 20 ns 300 mils 


For a list of available options (Speed, Package etc... ) refer to the Selector Gude in this Data Book or to 
the current Memory Shortform catalogue. - 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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ITT caret ptt M624256 


VERY FAST CMOS 1 Megabit (256K x 4) SRAM 
WITH OUTPUT ENABLE 


ADVANCE DATA 


m» 256K x 4 CMOS FAST SRAM with OUTPUT 
ENABLE 


» EQUAL CYCLE and ACCESS TIMES: 
15, 17, 20, 25ns 


# LOW Vcc DATA RETENTION: 2V 
es TRI-STATE COMMON I/O 
# JEDEC PLASTIC SOJ, 400 mil PACKAGE 


SOJ28 (E) 
400 mils 


DESCRIPTION Figure 1. Logic Diagram 


The M624256 is a 1 Megabit (1,048,567 bit) Fast 
CMOS SRAM, organized as 262,144 words by 4 
bits. It is fabricated using SGS-THOMSON’s Ad- 
vanced, low power, high performance, CMOS tech- 
nology. The device features fully static operation 
requiring no external clocks or timing strobes, with 
equal address access and cycle times. It requires 
a single 5V+10% supply, and all inputs and outputs 
are TTL compatible. 


K 7» DQO0-—DQ3 


Table 1. Signal Names M624256 
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This 1s advance information on a new product now tn development or undergoing evaluation. Details are subjet to change without notice. 654 


M624256 


Table 2. Absolute Maximum Ratings ") 


vt 


Notes: 1. Except for the rating "Operating Temperature Range" stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Ratings conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 
2. Up to amaximum operating Vcc of 5.5V only. 
3. One output at a time, not to exceed 1 second duration. 


Table 3. Operating Modes 


| paopas | Power 
fwite |e | |X atainpt_ | Active 
Deselect 


Note: X = Vin or Vit. 


Figure 2. SOJ Pin Connections READ MODE 


The M624256 is in the Read mode whenever Write 
Enable (W) is High with Output Enable (G) Low, 
and Chip Enable (E) asserted. This provides ac- 
cess to data from four of the 1,048,576 locations in 
the static memory array, specified by the 18 ad- 
dress inputs. Valid data will be available at the four 
output pins within tavav after the last stable ad- 
dress, providing G is Low and E is Low. If Chip 
Enable or Output Enable access times are not met, 


ZS data access will be measured from the limiting 

99 parameter (teLav or teLav) rather than the address. 
M624256 Data out may be indeterminate at teLax and teLax, 

21 but data lines will always be valid at tavav. 

20 

19 WRITE MODE 

18 The M624256 is in the Write mode whenever the 

17 W and E pins are Low. Either the Chip Enable input 

16 (E) or the Write Enable input (W) must be de-as- 


serted during Address transitions for subsequent 
write cycles. Write begins with the concurrence of 
VA00811 Chip Enable being active with W Low. Therefore, 
address setup time is referenced to Write Enable 
and Chip Enable as tavwi and taveL respectively, 


19 


Warning: NC = No Connection. 
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Figure 3. Block Diagram 


DQ 


DQ 


CHIP 
ENABLE 


WRITE MODE (cont'd) 


and is determined by the latter occurring edge. The 
Write cycle can be terminated by the earlier rising 
edge of E or W. 


If the Output is enabled (E = Low and G = Low), 
then W will return the outputs to high impedance 
within twLaz of its falling edge. Care must be taken 
to avoid bus contention in this type of operation. 
Data input must be valid for tovwu before the rising 
edge of Write Enable, or for toveH before the rising 
edge of E whichever occurs first, and remain valid 
for twHDx Or teHDx. 


OPERATIONAL MODE 


The M624256 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever Chip Enable is de-asserted (E = High). 
An Output Enable (G) signal provides a high speed 
tri-state control, allowing fast read/write cycles to 
be achieved with the common I/O data bus. Oper- 
ational modes are determined by device control 
inputs W and E as summarized in the Operating 
Modes table. 


M624256 


MEMORY 
ARRAY 


COLUMN 
DECODER 
1X---LX 


VA01075 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 4. AC Testing Load Circuit 


DEVICE 
UNDER 
VEST 


C,=SOpF or OpF 


C, includes JIG capacitance 


VA00829 
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Table 4. Capacitance ) (Ts = 25 °C, f = 1 MHz) 


Test Condition 
Input Capacitance on all pins (except DQ) 
(3) Output Capacitance Vout = OV 


Notes: 1. Sampled only, not 100% tested 
2. Except DQ0-DQ3 
3. Outputs deselected 


Table 5. DC Characteristics (Ta = 0 to 70 °C, Vcc = 5V + 10%) 


Parameter 


Input Leakage Current 
Output Leakage Current 
Voc = 5.5V, (-15 & -17) 


Supply Current Voc = 5.5V, (-20) 


Vcc = 5.5V, (-25) 


Supply Current (Standby) Ves SEV EoVietee 
TTL a 
Supply Current (Standby) Voc = 5.5V, E> Voc -0.2V, 
CMOS =0 


Notes: 1. Average AC current, Outputs open, cycling at tavav minimum 
2. All other Inputs at Vic < 0.8V or Vin = 2.2V 
3. All other Inputs at Vir < 0.2V or Vin = Vcc — 0.2V 
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Table 6. Read and Standby Modes AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


™ 


Read Cycle Time 
Address Valid to Output Valid 
Chip Enable Low to Output Valid 


— 

oO 
’ 
oh, 
: 


—s 


(1) 
,@ | C 

2) 

) 


ne) 


( 
t Output Enable Low to Output Transi- 
ace tion 
( 


trax : 
tu 
Chip Enable High to Power Down 


Notes: 1. C_ = 30pF (see Figure 4) 
2. C_ = 5pF (see Figure 4) 
3.Guaranteed but not tested (see Figure 7) 


o) 


— — | — 

— _ — | oa 
NO 

Nh = rh | Nh 

Oo Oo }oO 


Figure 5. Address Controlled, Read Mode AC Waveforms 


DQO-—DQ3 DATA VALID 


VA01076 


Note: E= Low, G= Low, W= High 
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Figure 6. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 


tAVQV 
tELQV 


tELQX = 


tGLQV 


\ 


tGLQX a 
DQ0-DQ3 ak 


VA00812 


Note: W=High 


Figure 7. Standby Mode AC Waveforms 
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Table 7. Write Mode AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + ————— 


i cli ese 


| twav | Writecycletime ft ts | a7] | ao | fs | ns 

eg a 

[tan | Address Valid to Write EnableHigh | 10 | | 12 | | 2 | | is | [ons 

Laeger ne ee 
| twiw | Write Enable Pulse Width = Pagel | ee aes 


t Write Enable High to Address Tran- 
mnee sition 
t Write Enable High to Input Transi- 
WHDX tion 
nel CES ES 
t Write Enable High to Output Transi- 
weax “ tion 


Write Enable Low to Output Hi-Z 
Address Valid to Chip Enable Low 2 of eto te 


on nacece ome 
t Chip Enable High to Address Tran- 
aise: ST aa 


| Input Valid to Write Enable High —_| High 


oe ee AS 


Note: 1. C.=5pF (see Figure 4) 


Figure 8 Write Enable Controlled, Write AC Waveforms 


tWHQX 
tWHDX 


DQO-DQ3 DATA INPUT 


tDVWH 


VA00813 


Note: G = Low 
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Figure 9. Chip Enable Controlled, Write AC Waveforms 


DQ0—DQ3 


VA00814 


Note: G=High 


Table 8. Low Vcc Data Retention Characteristics (Ta = 0 to 70°C, Vcc = 2V to 4.5V) 


[symbot | wameter _[__TestGondon | win | Wax | unt 
econ” | Supa Guren Oata Raion | VoowsviEevec-caviteo | | s00 | va 
Tn? [opeatonteaventinn [i a | os 


Notes: 1. All other Inputs Vin = Vcc — 0.2V or Vii < 0.2V 
2. See Figure 8 for measurement points. Guaranteed but not tested 


Figure 8. Low Vcc Data Retention AC Waveforms 


DATA RETENTION MODE 


E > VpR —- 0.2V 


VA00802B 
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ORDERING INFORMATION SCHEME 


Example: M624256 -15 E 


Temperature Range 


| Speed | Package i 
15 ns SOJ28 1 Oto70°C 
47 17 ns 400 mils 
-20 20 ns 
-25 25 ns 


For a list of available options (Speed, Package etc... ) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact S€S-THOMSON Sales Office nearest 
to you. 
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M628128 


VERY FAST CMOS 1 Megabit (128K x 8) SRAM 
WITH OUTPUT ENABLE 


=» 128K x 8 CMOS FAST SRAM with OUTPUT 
ENABLE 


= EQUAL CYCLE and ACCESS TIMES: 
15, 17, 20, 25ns 


» LOW Vcc DATA RETENTION: 2V 
e TRI-STATE COMMON I/O 
=» JEDEC PLASTIC SOJ, 400 mil PACKAGE 


DESCRIPTION 


The M628128 is a 1 Megabit (1,048,576 bit) Fast 
CMOS SRAM, organized as 131,072 words by 8 
bits. It is fabricated using SGS-THOMSON’s Ad- 
vanced, low power, high performance, CMOS tech- 
nology. The device features fully static operation 
requiring no external clocks or timing strobes, with 
equal address access and cycle times. It requires 
asingle 5V+ 10% supply, and all inputs and outputs 
are TTL compatible. 


Table 1. Signal Names 


Address Inputs 


Data Inputs / Outputs 


PAO-AIG 
| ba0-a7 | 
G 


Chip Enable 2 


Output Enable 


Write Enable 


Voc Supply Voltage 


Ground 


August 1993 


1 


SOJ32 (E) 
400 mils 


Figure 1. Logic Diagram 


M628128 


VA0080358B 
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Table 2. Absolute Maximum Ratings ™ 


ee a ee 
[pe [ronerdesaten Si 


Notes: 1. Except for the rating "Operating Temperature Range" stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Ratings conditions for extended penods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 
2. Up to a maximum operating Vcc of 5.5V only 
3. One output at a time, not to exceed 1 second duration. 


Table 3. Operating Modes 


Toavoar [rover 
I 


Z 


Note’ X = Vin or Vit 


Figure 2. SOJ Pin Connections READ MODE 


The M6281 28 is in the Read mode whenever Write 
Enable (W) is High with Output Enable (G) Low, 
and both Chip Enables (E1 and E2) are asserted. 
This provides access to data from eight of the 
1,048,576 locations in the static memory array, 
specified by the 17 address inputs. Valid data will 
be available at the eight output pins within tavav 
after the last stable address, providing G is Low, E1 
is Low and E2 is High. If Chip Enable or Output 
Enable access times are not met, data access will 
be measured from the limiting parameter (teiLav, 
te2zHav, Or ta_qv) rather than the address. Data out 
9 may be indeterminate at te1Lax, te2Hax and teLax, 
10 but data lines will always be valid at tavav. 


11 E} WRITE MODE 


12 The M628128 is in the Write mode whenever the 
13 W and E1 pins are Low, with E2 High. Either the 
14 Chip Enable inputs (E1 and E2) or the Write Enable 
input (W) must be de-asserted during Address 
15 transitions for subsequent write cycles. Write be- 
16 gins with the concurrence of both Chip Enables 
being active with W low. Therefore, address setup 
VA00804 time is referenced to Write Enable and both Chip 
Enables as tavw, taveiL and taveoH respectively, 
Warning: NC = No Connection. and is determined by the latter occurring edge. 


CON OOP WH 


Z 
M628128 
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Figure 3. Block Diagram 


[> ee 
| ROW MEMORY 
DECODER ; ARRAY 
ed 
il 


CHIP 
ENABLE 


VA01077 


WRITE MODE (cont'd) AC MEASUREMENT CONDITIONS 


The Write cycle can be terminated by the earlier Input Rise and Fall Times < 1.5ns 
rising edge of E1, W, or the falling edge of E2. Input Pulse Voltages 0 to 3V 


If the Output is enabled (E1 = Low, E2 = High and Input and Output Timing Ref. Voltages 1.5V 

G = Low), then W will return the outputs to high 

impedance within twiaz of its falling edge. Care Note that Output Hi-Z is defined as the point where data 
must be taken to avoid bus contention in this type is no longer driven. 

of operation. Data input must be valid for tovwH 

before the rising edge of Write Enable, or for toveiH 

before the rising edge of E1 or for tovear before the Figure 4. AC Testing Load Circuit 

falling edge of E2, whichever occurs first, and 
remain valid for twHpx, te1HDx Or te2Lpx. 


OPERATIONAL MODE 


The M628128 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever either Chip Enable is de-asserted (E1 = 
High or E2 = Low). An Output Enable (G) signal wees 

provides a high speed tri-state control, allowing fast seo 

read/write cycles to be achieved with the common CL=SOpF or Spr 
I/O data bus. Operational modes are determined 
by device control inputs W, E1, and E2 as summa- 
rized in the Operating Modes table. 


DEVICE 


Cy includes JIG capacitance 


VA00829 
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Table 4. Capacitance ™ (Ta = 25 °C, f= 1 MHz) 


| TestCondition | in| Max | unit 
a Input si on all pins (except DQ) ee ee ee ee 
| Cour | OutputGapacitance | Vor=ev | | |r 


Notes: 1. Sampled only, not 100% tested 
2. Outputs deselected 


Parameter 


Table 5. DC Characteristics (Ta = 0 to 70 °C, Vcc = 5V + 10%) 


[smbei | Pavneier [Test Gonion [iin [Wor [Unt 
[ittetags cure | ovevnsven | | 1 | aa 
io [ouputsiape cue | ovsvonsver | | 5 | aa 
reesei [ws [ma 

—| veces fe Pot 


auey Current (Standby) Voc = 5.5V, E1 > Vec - 0.2V 
cca“ CM or E2<0.2V, f=0 


oe oo 
a 
[var | ouputtowvetege | teem Pe | 
[vor [ouput ign Votage [tweak 


Notes: 1. Average AC current, Outputs open, cycling at tavay minimum 
2. All other Inputs at Vit < 0.8V or Vin = 2.2V 
3. All other Inputs at Vic < 0.2V or Vin 2 Vec — 0.2V 
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Table 6. Read and Standby Modes AC Characteristics ee = 0 to 70°C, Vcc = 5V + 10%) 


| gzgt28 t—t—isisdC 28 

came a ae ee ee 

Eee ad 
| tway [Readcycietime tt | a7 | | eo || a | ns 
Tiwon"™ [adsess Vai Ouparvars | [vs] [a | [a | | 2 | re 
| tenav” |chip Enable tLowtoOutputvaic | | 8 | | 17 | | 20 | | 25] ns | 
| teanov [Chip Enable 2Highto Output Vaid | | 15 | | 7 | | 20 | ae} ns 
Ee 


[nar gpewwremnonwme TTT Tet Tet Tw 
t Chip Enable 2 High to Output Transi- 
E2HOX tion 
t Output Enable Low to Output Transi- 
ie tion 


eerie te ee veer er rated 
| teaiaz®! |Chip Enable 2LowtoOutputiz | o | 8 | o | 10 | o | 10 | o | 10 | ns | 
| tooz output Enable High toOutputHiz | o | 7 | o | @ | o | 9 | o | 10 | os | 


[i agerrenmnvomeres ToT ToT [of To [fo 
y ©) Chip Enable 1 Low or Chip Enable 2 
High to Power Up 
Chip Enable 1 High or Chip Enable 2 
a Low to Power Down 18 7 20 25 
Notes: : C. = 30pF (see Figure 4) 


2. C_ = 5pF (see Figure 4) 
3. Guaranteed but not tested (see Figure 7) 


Figure 5. Address Controlled, Read Mode AC Waveforms 


DQ0—-DQ7 | DATA VALID 


VA01078 


Note: E1 = Low, E2 = High, G = Low, W = High 
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Figure 6. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 


VALID 
tAXQxX 


tAVQV 
tE1LQV tE1HQZ 


tEILOX —> 


tE2HQV tE2LQZ 


tE2HQX 
tGLQV 


\ 
tGLQXx 


DQO—DQ7 


VA00805 


Note: W = High 


Figure 7. Standby Mode AC Waveforms 
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Table 7. Write Mode AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


M628128 


wan |wieowetme sds | tw | fm] [ol [oe 
wan [Ades veidtowaieerabeiw fo] [o{ lol [ol] [rm 
nom [acess ais towte craven [vo | [we [wef |r| [re 
om 2| fel [isl [os 
wi [Wite enable Pusewian ‘to | | 
was | Wit rable Hoh Adress Tnaion | 0 
wx [Wit Enel ih npr Tenn [0 
. 

Ey 

ra 

ve 


cnc [Chl Hpk Aes Tenetion [0 
aur [chipenabio2tow'e Adesso | 0 
ont [ip Vatotowrie Erion | 6 | 
ven [input Vado Cp erable ah | 

nutVaito Chin Enabe@tow |e 


Note: 1. C._=5pF (see Figure 4) 


= }|o {ou a {fe 
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toVee2t 


7/10 
667 


ky7_ S&S; THOMSON 


M628128 


Figure 8. Write Enable Controlled, Write AC Waveforms 


tWHQX 
tWHDX 


DQ0-DQ7 DATA INPUT 


tD VWH 


VA00807 


Note: G=Low 
Figure 9. Chip Enable Controlled, Write AC Waveforms 


tAVAV 


VALID 


tAVE1H 
tAVEIL tE1THAX 


tE1LE1H 


tAVE2L 
tAVE2H tEZLAX 


tE1HDX 
tE2LDX 
tDVE1H 
tDVE2L 
VA00808 
Note: G=High 
8/10 
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Table 8. Low Vcc Data Retention Characteristics (Ta = 0 to 70°C, Vcc = 2V to 4.5V) 


Vec = 3V, E1 > Voc — 0.2V, 
E2<0.2V.f=0 


E1 > Vcc — 0.2V, E2 < 0.2V, f = 


E1 > Vcc - 0.2V, E2 <0.2V, f=0 
Chip Disable to Power Down E1 > Vcc - 0.2V, E2 < 0.2V, f=0 
Operation Recovery Time _— 


Notes: 1. All other Inputs Vin => Vcc — 0.2V or Vii < 0.2V 
2. See Figure 10 for measurement points. Guaranteed but not tested 


Figure 10. Low Vcc Data Retention AC Waveforms 


DATA RETENTION MODE 


ET > VpR —~ 0.2V 


VA00809B 


9/10 
669 


ky7 S&S;THOMSON 


M628128 


ORDERING INFORMATION SCHEME 


Example: M628128 -15 E 


=a 


Temperature Range 


-15 15ns E SOJ32 1 0 to 70 °C 
47 175ne 400 mils 

-20 20 ns 

-25 25 ns 


For a list of available options (Speed, Package, etc... ) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you, 
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: CACHE MEMORIES 


ka, SGS-THOMSON 
SF, wicROELECTROMICS MK41S80 


VERY FAST CMOS 4K x 4 CACHE TAGRAM 


w 4K x 4FAST HCMOS CACHE TAGRAM 
=» ADDRESS TO COMPARE ACCESS TIMES: 


10,12,15,20,25ns 
=» FLASH CLEAR FUNCTION ce P a ee. 
a 22-PIN 300 MIL PLASTIC DIR: : é 22 { 

24-PIN 300 MIL SOJ . 
= APPLICATIONS: HIGH SPEED 32-BIT . 7 | 


CACHE SUB-SYSTEMS PSDIP22 (N) PSOJ24 (X) 
300 mils 


DESCRIPTION Figure 1. Pin Connections 


The MK41S80 is a 16,384-bit CMOS Static 
TAGRAM™, organized as 4K x 4 using SGS- 
THOMSON Microelectronics’ advanced fast 
HCMOS process technology. This device-is-func- 
tionally compatible with the industry standard 
MK41H80 4K x 4 TAGRAM. All inputs and outputs 
are TTL compatible using a single 5V supply. 


The MK41S80 provides full static operation,. re- 
quiring no external clocks or refresh operations, 
and features a MATCH output for indicating either 
a cache hit or miss condition. The on-board 4-bit 
comparator compares RAM contents with current 
input (tag) data. The result is an active high level 
on the MATCH pin for a hit, or an active low on the 
MATCH pin indicating a miss. The MK41S80 offers 
a totem-pole MATCH output design. 


The MK41S80 incorporates a Flash Clear Cycle 
which begins as CLRis brought active low. AFlash_ . 
Clear sets all 16,384 bits in the RAM to logic zero. | 


Pin Names 


| 
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1 
2 
3 
4 
> 
6 
7 
8 
9 


oe) 
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Figure 2. MK41S80 Block Diagram 


ROW ROW 
ADDRESS DECODER 
BUFFER 


CLEAR 
BUFFER 


WRITE 
ENABLE 


BUFFER 


OUTPUT 
ENABLE 
‘ BUFFER 


BUFFER 


TAGRAM FUNCTION 


The MK41S80 is an SRAM based Cache Tag direc- 
tory (hence the name TAGRAM). Figure 7 shows a 
general block diagram using a cache tag directory 
(TAGRAM) in a cache subsystem application. The 
system must detect whether the requested data 
resides in the cache data RAM, or if extended read 
cycles to main memory are necessary. 


The MK41S80 features four modes of operation: 
Write, Read, Compare, and Clear. The MK41S80 
incorporates an on-board 4 bit comparator that 
compares internal RAM contents with current (tag) 
input data. If the device is in the compare mode, 
and the comparator detects a “match”, then the 
MATCH pin will go high for a hit condition. If a 
match is not detected by the comparator, then the 
MATCH pin drives low to denote a “miss” condition. 
Standard write/read operations are performed with 
Write (WE) and Output (OE) Enable inputs. Addi- 
tionally, the device provides a Flash Clear oper- 
ation via the CLR pin (Figure 6). When a low level 
(Vit) is applied to the CLR input pin for the speci- 
fied tcp time, all RAM bits are set to a logic zero. 


Compare data (internal RAM) can be read from the 
data pins by bringing Output Enable (OE) low. This 
will allow data stored in the memory array to be 
displayed at the Outputs (DQO - DQ3). 
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ABSOLUTE MAXIMUM RATINGS 


ee 
a 
Notes : 

1. This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation 


=i eel caf this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliare-hability. 


2. Output current absolute maximum rating is specified for one output at a time, not to exceed a duration of 1 second. 


AC TEST CONDITIONS 


a 
Input and Output Signal Timing Reference Level 


Note: 1. AC input levels for the CLR pin are GND to 3.5 V. 


Figure 3. Equivalent Output Load Circuits 


+5.0 V 


470 ohms 
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* INCLUDES SCOPE AND TEST JIG *% INCLUDES SCOPE AND TEST JIG 
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COMPARE, WRITE, AND READ TIMING 


The MK41S80 TAGRAM begins a Compare Cycle 
with the application of a valid address (see Figure 
4). Avalid compare is enabled when OE and WE 
go high in conjunction with their respective set-up 
and hold times. MATCH will occur taca after a valid 
address, and tpca after valid Data In (Tag). If the 
address and tag data are presented simulta- 
neously, the compare-to-match access is taca. 
MATCH will go invalid tacH after an address 
change, or tocH after the tag data changes. 


A Write Cycle starts with stable addresses (Figures 
4 and 5), with the WE input active low. OE may be 
in either logic state. WE may fall with stable ad- 
dresses, and must remain low until taw with a 
duration of twew. Data in must be valid tps before 
and tou after WE goes high. DQ will go high-Z at 
twez from WE going active low. MATCH will be 
invalid during this cycle. 


The device begins a Read Cycle with stable ad- 
dresses and WE high (Figure 5). DQ becomes 
valid taa after a valid address, and toga after the 
fallof OE. The DQ outputs become invalid ton after 
addresses become invalid, and become high-Z at 
toez when OE goes high. Ripple through data 
access may be accomplished by holding OE active 
low while strobing address AO-A11, and holding 


Figure 4. Compare and Write Cycle 


COMPARE CYCLE 
tC 


CLR and WE high. The MATCH output will be 
invalid during this cycle. 


FLASH CLEAR CYCLE 


The MK41S80 incorporates a Flash Clear Cycle 
which begins as CLR is brought active low. A Flash 
Clear sets all 16,384 bits in the RAM to logic zero. 
Control inputs will not be recognized from tcx after 
CLR goes low, until tcr after CLR is brought high. 
The OE and WE inputs are Don’t Care, and DQ is 
High-Z. MATCH will be invalid during a Flash Clear 
Cycle. 


APPLICATION 


The MK41S80 operates from a single 5.0 volt 
supply. It is compatible with all standard TTL 
families on all inputs and outputs. The device 
should share a solid ground plane with any other 
devices interfaced with it, particularly TTL devices. 
Also, because the outputs can drive rail-to-rail into 
high impedance loads, the device can interface to 
5 volt CMOS on its inputs and outputs. 

The MK41S80 compares contents of addressed 
RAM locations to the current tag data inputs. A 
logic one “1" output on the MATCH pin indicates 
that the input data and the RAM contents match. 
Conversely, a logic zero "0" on the MATCH pin 
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* AVOID METASTABLE INPUTS 


VRU01054 


4/9 IST} SGS-THOMSON 
— ans BF, ncROLECTROMICS 


676 


MK41S80 


Figure 5. Write and Read Cycle 
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Figure 6. Read-Flash Clear-Write Cycle 
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indicates at least one bit of difference between the 
RAM contents and input data. 


Metastable inputs can result in excessive MATCH 
Output activity. Therefore, the use of pull-up or 
pull-down resistors is recommended on the data 
bus. Additionally, a pull-up resistor is suggested for 
the CLR input to enhance system operation. This 
will ensure that any low going system_ noise 
coupled onto the input does not drive CLR below 
ViH minimum specifications. 


Because high frequency current transients will be 
associated with the operation of the MK41S80, 
power line inductance must be minimized on the 
circuit board power distribution network. Power and 
ground trace gridding, or separate power planes 
can be employed to reduce line inductance. Addi- 
tionally, any low impedance transmission lines are 
subject to signal reflections manifested as noise, 
undershoots and excessive ringing. Series termina- 
tion is suggested in close proximity to the drivers 
to improve driver/signal path impedance matching. 


Figure 7. General Cache Subsystem Block Diagram 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION 
(0°C < Tas +70°C; Voc = 5V + 5%) 
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RECOMMENDED DC OPERATING CONDITIONS 
(O°C < Tas +70°C) 
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DC ELECTRICAL CHARACTERISTICS 
(O°C < Tas +70°C; Vcc = SV + 5%) 


Average Vcc Power Supply Current (Both Ports) ae 
Input Leakage Current (Any Input) Eee 


Output Logic 1 Voltage (lon = -4.0mA) 


= Output Leakage Current 
= Output Logic 0 Voltage (lo. = 8mA) 


CAPACITANCE 
(Ta = 25°C, f = 1.0 MHz) 


ae Input Capacitance on all pins (except DQ) 
Co Output Capacitance 


Notes : Measured with load as shown in Figure 3B. 
1. All voltages referenced to GND. 


2. Measured with GND < V < Vcc. Outputs are deselected with the 
exception to MATCH which is always enabled. 


3. Measured with load as shown in Figure 3A. 


Icc1 Measured with outputs open, Vcc max, f = min cycle. 
Output buffer is deselected. 


NO oO 


Capacitances are sampled and not 100% tested. 


8/9 ky, SGS-THOMSON 
SS  — S/ A MICROELECTRONICS 
680 


MK41S80 


ORDERING INFORMATION 


Example: MK41S80 X 10 /20 


ee 


N PSDIP22 10 10ns /20 ‘Tape & Reel 
X PSOJ24 12 12ns 
300 mils 
15 15ns 
20 20ns 
25 25ns 


For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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VERY FAST CMOS 8K x 8 CACHE TAGRAM 


= 8K x 8 CMOS SRAM WITH ONBOARD 
COMPARATOR 


=» ADDRESS TO COMPARE ACCESS TIME: 
20, 25, 35ns 


=» FAST CHIP SELECT COMPARE ACCESS 10ns 
=» MATCH OUTPUT WITH FAST TAG DATA TO 


COMPARE ACCESS OF 12ns Max 
= STATIC OPERATION -NOCLOCKS OR TIMING 28 
STROBES REQUIRED , 
=» ALL INPUTS AND OUTPUTS ARE FULLY TTL 
COMPATIBLE PSDIP28 (N) PeOuee 
=» FULL CMOS FOR LOW POWER OPERATION 


™ OPEN DRAIN MATCH OUTPUT 
= 28 PIN 300 MIL DIP & 28 PIN 300 MIL SOJ 


TRUTH TABLE Figure 1. Pin Connection 


WLS TS [RS] wos [ba | wae 
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Note: MATCH is High-Z during an invalid state 
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DESCRIPTION 

The MK48S74 is a 65, 536 fast static cache 
TAGRAM™ organized as 8K x 8 bits. It is fabricated 
using SGS-THOMSON’s low power, high perform- 
ance HCMOS4 technology. The MK48S74 features 
fully static operation requiring no external clocks or 
timing strobes, and equal access and cycle times. 
The device requires a single 5V + 5 % supply and 
is fully TTL compatible. The MK48S74 has a fast 
Chip Select control for high speed oper-ation to the 
Match Compare valid, and device se-lect/deselect oper- 
ations. Additionally, the MK48S74 provides a Reset 
Clear, and MATCH compare pin. The Reset Clear 
input provides an asynchronous RAM clear control 
which clears all internal RAM bits to zero in only two 
cycles. The MATCH output features an open drain 
for wired-OR operations. During a MATCH compare 
cycle, an on-board 8-bit comparator compares the 
Data Inputs (8-bit TAG ) at the specified address 
index (AQ-A12) to the internal RAM data. If a miss 
condition exists, where at least one bit of TAG data 
does not match the internal RAM, then the MATCH 
output issues a LOW miss signal. 


OPERATIONS 


READ MODE 
The MK48S74 is in the read mode whenever Write 


Enable (W) is HIGH with Output Enable (G) LOW 
and Chip Select (S) is active. This provides access 
to data from eight of 65, 536 locations in the static 
memory array. The unique address specified by the 
13 address inputs defines which one of the 8192- 
8-bit bytes is to be accessed. Valid data will be 
available at the eight Output pins within tavav after 
the last stable address, providing G is LOW and S 
is LOW. If Chip Enable or Output Enable access 
times are not met, data access will be measured 
from the limiting parameter (tsLav or tatav rather 
than the addresses. The state of the DQ pins is 
controlled by the S, G and W control signals. Data 
out may be inderterminate at tsLax and taLtax but 
data lines will always be valid at tavav. 


READ CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 


(0°C < Ta < +70°C; Voc = 5V + 5%) 


tstav | tcsa | Chip Select Access Time 


tetav | toca | Output Enable Access Time 
tstax | tcs. | Chip Select to Output Low-Z 


toe. | Output Enable to Low-Z 


tsHaz | tcsz | Chip Select to High-Z 
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Figure 2. Read Timing No. 1 (Address Access) 
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Figure 3. Read Timing No. 2 (W = Vin) 
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WRITE MODE 

The MK48S74 is the Write mode whenever the W 
and S pins are LOW. Chip Select or W must be 
inactive during address transitions. The Write 
begins with the concurrence of Chip Select being 
active with W LOW. Therefore address setup times 
are referenced to Write Enable and Chip Select as 
tavw_ and tavst and is determined to the latter 
occurring edge. The Write cycle can be terminated 


by the earlier rising edge of S or W. If the outputs 
are enabled (S =LOW, G=LOW), then Wwill return 
the outputs to high impedance within twiaqz of its 
falling edge. Care must be taken to avoid bus 
contention in this type of operation. Data-in must 
be valid for tovwu to the rising edge of Write Enable, 
or to the rising edge of S, whichever occurs first, 
and remain valid twupx after the rising edge of S or 
W. 


WRITE CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 


(0°C < Tas +70°C; Voc = 5V + 5%) 


Symbol 


TAVWL Address Set-up to Write Enable Low 


el | twew | Write | Write Pulse Width = Width 


tsish } tosw } Chip Selectto End of Write | } Chip Selectto End of Write | to End of Write 


Parameter 
ee 


nw [we | Wi GT =| [sl [es 
faectnmwowene |e] fe] fe] [=| _ 
See Bl a Ld 


A Hold Time After End of 
twHax | taH Write 


ef [= fet _ 
[ow] tm | wie Resoeytmeroowsaee| | fe | [o{ «| 
fom | ow [paavairwoereormme ff [we] | *| [=| 
fwoe| tr [oasvowtme fe} fo] |e] [mw] 
woe] we [ Wievisnwomatowzvcwe |e | [>] |e] [m| = 
[mar] wer | Wiotaiewowanez | te] [s| [*|=|? 
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Figure 4. Writing Timing No.1 (Write Control) 
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Figure 5. Writing Timing No. 2 (Chip Select Control) 
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COMPARE MODE 

THe MK48S74 is in the Compare mode whevenver 
W and G are HIGH provided Chip Select (S) is 
active LOW. The 13 index address inputs (A0-A12) 
define a unique location in the static RAM array. 
The data presented on the Data Inputs (DQo-DQ7) 
as Tag Data is compared to the internal RAM data 
as specified by the index. If all bits are equal, then 
a hit condition occurs (MATCH = High-Z). When at 
least one bit is not equal, the MATCH will go LOW 
signifying a miss condition. The MATCH output will 
be valid tavuv from stable address, or trvmv from 
valid Tag Data when S is LOW. Should the address 
be stable with valid Tag Data, and the device is 
deselected (S = HIGH), then MATCH will be valid 
ts_mv from the falling edge of Chip Select (S). When 
executing a write-to-compare cycle (W = LOW, 


G = LOW or HIGH), MATCH will be valid twHmv or 
teHmv from the latter rising edge of W or G respec- 
tively. 


RESET MODE 

The MK48S74 allows an asynchronous reset clear 
whevever RS is LOW regardless of the logic state 
on the other input pins. Reset clears all internal 
RAM bits (65, 536 bits) to a logic zero as long as 
tRSL-RSH is satisfied. The MATCH output will go 
HIGH-Z trst-mH from the falling edge of RS and all 
inputs will not be recongnized until tasH-av from the 
rising edge of reset (RS). 


COMPARE CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 


(0°C < Ta <+70°C; Voc = 5V + 5%) 


Symbol 


tcHmv | toem | G High to MATCH Valid 


Parameter 
ra a 
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RESET CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 
(0°C < Ta S$ +70°C; Voc = 5V + 5%) 


Symbol 
Parameter 
, 


peice FSorwaboncee || fe] fe] — 
irom Fe 
fasted | tase Reset (RS) Pulse Width Rt 


tasL-ait Reset (RS) to MATCH High-Z 


Figure 6. Match Compare Timing 
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APPLICATION 

The MK48S74 operates from a 5V supply. It is 
compatible with all standard TTL families on all 
inputs and outputs. The device should share a solid 
ground plane with any other devices interfaces with 
it, particularly TTL devices. A pull-up resistor is also 
recommended for the RS input. This will ensure 
that any low going system noise, coupled onto the 
input does not drive RS below Vin minimum speci- 
fications. This will enhance proper device oper- 
ation, and avoid possible partial flash clear cycles. 
Additionally because the outputs can drive rail-to- 
rail into high impedance loads, the MK48S74 can 
also interface to 5V CMOS on all inputs and out- 
puts. The MK48S74 provides the system designer 
with 64K fast static memory, a MATCH output, and 
a BYTEWIDE on-board comparator — all in one 
chip. The MK48S74 compares contents of ad- 
dressed RAM locations to the current data inputs. 
A High-Z output on the MATCH Pin indicates that 
the input data and the RAM data match. Conver- 
sely, a logic zero “O" on the MATCH pin indicates 
at least one bit of difference between the RAM 
contents and the input TAG, generating in a miss. 
The MATCH output is constructed with an open 
drain arrangement. The open drain provides easy 
wired-OR implementation when generating a com- 
posite MATCH signal. In a cache subsystem, the 


Figure 7. Reset Timing 


COMPARE 


= 


tRSL-AX 


ADDRESS 


MATCH signal provides the processor or CPU with 
the necessary information concerning wait state 
conditions. The purpose of a cache subsystem is 
to maintain a duplicate copy of portions of the main 
memory. When a valid match occurs, the system 
processor uses data from the fast cache memory, 
and avoids longer cycles to the main memory. 
Therefore, implementing cache subsystems with 
the MK48S74, and providing good hit or match ratio 
designs will enhance overall system performance. 
Because high frequency current transients will be 
associated with the operation of the MK48S74, 
power line inductance must be minimized on the 
circuit board power distribution network. Power and 
ground trace gridding or seprarate power planes 
can be employed to reduce line inductance. 
Though often times not thought of as such, the 
traces of a memory board are basically untermi- 
nated, low impedance trasmission lines. As such 
they are subject to signal reflections manifested as 
noise, undershoots and excessive ringing. Series 
termination in close proximity to the TTL drivers can 
improve driver/signal path impedance matching. 
While experimentaiton most often proves to be the 
only practical approach to selection of series resis- 
tors, values in the range of 10 to 33 ohms often 
prove most suitable. ) 
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ABSOLUTE MAXIMUM RATINGS 


[Symiot | ParameiTe 
On 
tar [oumowen 


Note: This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta < +70°C) 


[somict [Peer [mm [Ua |Home 
ve [Semis i asf me 
eo [ewe i 
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DC ELECTRICAL CHARACTERISTICS (0°C < Ta < +70°C, Vcc = 5V + 5%) 


[simi [Peretti [ oe [Oat [Nave 
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Match Output LOgic 0 Voltage 


Notes : 

1. Measured with load shown in Figure 8A. 6. Input leakage current specifications are valid for all Vin such 

2. Measured with load in Figure 8B. : a ay - < Vee. aes - Vee = Vec es A : 
ean 5 put leakage current specifications are valid for ouT SUC 

3. Measured with load in Figure 8C. that OV < Vour < Voc, S = Vin and Vcc in valid operating range. 

4. All Voltages referenced to GND. 8. Sampled, not 100% tested, outputs deselected. 

5. Icc1 is measured as the average AC current with Vcc = Vcc 


(max) and with the outputs open circuits. tavav = tavav (min) duty 
cycle 100%. 
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CAPACITANCE (Ta = 25°C, f = 1.0 MHz) 


p  Cw Capacitance on all Input pins 
Capacitance on Q Output pins 


AC TEST CONDITIONS 


ee 
a 


Input and Output Signal Timing Reference Level 
Ambient Temperature 0 to 70 


Figure 8. Equivalent Output Load Circuits 


(C.) 
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ORDERING INFORMATION 


Example: MK48S74 X 20 /20 


ee 


N PSDIP28 20 20ns /20 ~~ Tape & Reel 
X PSOJ28 25 25ns 
300mils 
35 35ns 


For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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VERY FAST CMOS 8K x 8 CACHE TAGRAM 


= 8K x 8 CMOS SRAM WITH ON BOARD 
COMPARATOR 


= ADDRESS TO COMPARE ACCESS TIME: 
15,17, 20, 25ns 


=» FAST CHIP SELECT COMPARE ACCESS : 8ns 


= MATCH OUTPUT WITH FAST TAG DATA TO 
COMPARE ACCESS OF: 12, 15ns Max 


= STATIC OPERATION-NO CLOCKS OR TIMING 
STROBES REQUIRED 


= FULL CMOS FOR LOW POWER OPERATION. 
= TOTEM-POLE MATCH OUTPUT a “300 mils 
= THREE-STATE OUTPUTS 

= 28 PIN 300 MIL DIP & 28 PIN 300 MIL SOM 

= HIGH SPEED ASYNCHRONOUS RAM CLEAR 


TRUTH TABLE 


WLS |S [A] wow | 00 [mace 
Pee Da [me [ms [om [aw 
Sco 
SSC 


PIN NAMES 


Ss [eseet 
Ls 
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Figure 1. Pin Connection 
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DESCRIPTION 

The MK48S80 is a 65,536 fast static cache 
TAGRAM™ organized as 8K x 8 bits. It is fabricated 
using SGS-THOMSON's low power, high perform- 
ance HCMOS4 technology. The MK48S80 fea- 
tures fully static operation requiring no external 
clocks or timing strobes. The device requires a single 
5V supply and is fully TLL compatible. The MK48S80 
has a fast Chip Select control for high speed oper- 
ation to the Match Compare valid, and device 
select/deselect operations. Additionally, the 
MK48S80 provides a Reset Clear, and MATCH 
compare pin. The Reset Clear input provides an 
asynchronous RAM clear control which clears all 
internal RAM bits to zero. The MATCH output is in 
a totem-pole configuration to minimize swtiching 
delays associated with open-drain devices. During 
a MATCH compare cycle, an on-board 8-bit com- 
parator compares the Data Inputs (8-bit TAG) at the 
specified address index (A0-A12) to the internal 
RAM data. If a miss condition exists, where at least 
one bit of TAG data does not match the internal 
RAM, then the MATCH output issues a LOW miss 
signal. 


OPERATIONS 


READ MODE 


The MK48S80 is in the read mode whenever Write 
Enable (W) is HIGH with Output Enable (G) LOW, 
and Chip Select (S) is active. This provides access 
to data from eight of 65,536 locations in the static 
memory array. The unique address specified by the 
13 Address Inputs defines which one of the 8192 
8-bit bytes is to be accessed. Valid data will be 
available at the eight Output pins within tavav after 
the last stable address, providing G is LOW, and S 
is LOW. If Chip Enable or Output Enable access 
times are not met, data access will be measured 
from the limiting parameter (tsLav or taLav) rather 
than the addresses. The state of the DQ pins is 
controlled by the S, G, and W control signals. Data 
out may be indeterminate at tsLax and taLax, but 
data line will always be valid at tavav. 


READ CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 


°C <Tas+70 °C; V 5V + 5%) 
—"a CC = 


| Symbol | 


Parameter 
Ce oes 


[in| we [rime a] [=| [=| [=| [=| 
[wor | oo [Atiosacastme | [>| (=> [#| [=[=| + 
aor [ to [orosoeareestne | | e[ 1*> [*| [|=] 
sar | tn [Oronemeacestne | [| [et [we] [e[m| + 
aor] tm [trescecwomarwz| © | [et fe] [>| [=| 
Foor] tn [owmnenominz eo} [et fe] |e] [=| 
ae a a 


| tcnaz | toez | | Output Enable to High-Z | | Output Enable to High-Z | to High-Z 


taxax Output Hold From Address 
Change 
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Figure 2. Read Timing No. 1 (Address Access) 


ADDRESS ( 


tAVQV 


tAXQX 


PREVIOUS DATA KXXXKKX DATA VALID 


VRO01023 


Note: Chip Select and Output Enable are presumed Valid, W = Vin 


Figure 3. Read Timing No. 2 (W = Vin) 


ADDRESS 
tAVQV 


tSLQV tSHOZ 


TIT... AYA 


SILLSSLSLSSLL A iE \AAAAAA 


oa) 
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WRITE MODE 

The MK48S80 is in the Write mode whenever the 
W and S pins are LOW. Chip Select or W must be 
inactive during Address transitions. The Write be- 
gins with the concurrence of Chip Select being 
active with W LOW. Therefore address setup times 
are referenced to Write Enable and Chip Select as 
tavwL and tavs._, and is determined to the latter 
occurring edge. The Write cycle can be terminated 


by the earlier rising edge of S or W. If the output is 
enabled (S = LOW, G = LOW), then W will return 
the outputs to high impedance within twiaz of its 
falling edge. Care must be taken to avoid bus 
contention in this type of operation. Data-in must 
be valid for tovwu to the rising edge of Write Enable, 
or to the rising edge of S, whichever occurs first, 
and remain valid twHpx after the rising edge of S or 


W. 


WRITE CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 
aoe 0°C sTas+70 °C; Vcc = 5V + 5%) 


Parameter 


| tavay | two Write Cycle Time 


tw } twew | Write Pulse Width Pulse Width 


} tous | } teow | | tcsw | Chip Select to End of Write [Chip Select to End of Write | to End of Write 


} tov Data [Data Valid to End of Write to End of Write 


ate ee Hold Time 


t t Address Set-up to Write 

pe AS | Enable Low 
| twa. | tas | Address Setup to Chip Select ls 
Sa 


t ee ee Hold Time After End 
aie of Write 
Write Recovery Time to Chip 


iE i High to Output Low-Z 
twHax | twEL (Active) 


aed oa a eH ee ES a 


53 
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Figure 4. Writing Timing No. 1 (Write Control) 


ADDRESS 


VA001025 


Figure 5. Writing Timing No. 2 (Chip Select Control) 


ADDRESS 


tDVWH tWHDX 7 
ie DATA IN VALID 


VRO01026 


Note: G = Vin 
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COMPARE MODE 


The MK48S80 is in the Compare mode whenever 
W and G are HIGH provided Chip Select (S) is 
active LOW. The 13 index address inputs (A0-A1 2) 
define a unique location in the static RAM array. 
The data presented on the Data Inputs (DQo-DQ7) 
as Tag Data is compared to the internal RAM data 
as specified by the index. If all bits are equal, then 
a hit condition occurs (MATCH = HIGH). When at 
least one bit is not equal, then MATCH will go LOW 
signifying a miss condition. The MATCH output will 
be valid tavav from stable address, or trvmv from 
valid Tag Data when S is LOW. Should the address 
be stable with valid Tag Data, and the device is 
deselected (S = HIGH), then MATCH will be valid 
ts_mv from the falling edge of Chip Select (S). When 
executing a write-to-compare cycle (W = LOW, G 
= LOW or HIGH), MATCH will be valid twHmv or 
taumv from the latter rising edge of W or G respec- 
tively. 


RESET MODE 

The MK48S80 allows an asynchronous reset clear 
whenever RS is LOW regardless of the logic state 
on the other input pins. Reset clears all internal 
RAM bits (65,536 bits) to a logic zero as long as 


tRSL-RSH is satisfied. The state of the outputs is 
determined by the control logic input pins S, W, and 
G during reset (see Truth Table). The MATCH 
output will go HIGH trst-mu from the falling edge of 
RS, and all inputs will not be recognized unit tasH-Av 
from the rising edge of reset (RS). 


APPLICATION 


The MK48S80 operates from a 5V supply. It is 
compatible with all standard TTL families on all 
inputs and outputs. The device should share a solid 
ground plane with any other devices interfaced with 
it, particularly TTL devices. A pull-up resistor is also 
recommended for the RS input. This will ensure 
that any low going system noise, coupled onto the 
input does not drive RS below Vin minimum spec- 
ifications. This will enhance proper device opera- 
tion, and avoid possible partial flash clear cycles. 
Additionally, because the outputs can drive rail-to- 
rail into high impedance loads, the MK48S80 can 
also interface to 5V CMOS on all inputs and out- 
puts. The MK48S80 provides the system de- 
signer with 64K fast static memory, a MATCH 
out-put, and a BYTEWIDE on-board comparator, 
all in one chip. The MK48S80 compares the con- 
tents of addressed RAM locations to the current 


COMPARE CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 


"a °C < Tas +70 °C; Vcc = 5V + 5%) 


Parameter 


ere Select to MATCH Valid 


teumH | toemH | G Low to MATCH High 


tuxax | tuHa | MATCH Hold From Address 
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= SOsGSOeO00 
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RESET CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 
(0°C <Ta<+70 °C; Voc = 5V + 5%) 


Reset Clear (RS) to Inputs Don't 


Care 


Figure 6. Match Compare Timing 


ADDRESS ae 


WO 


\AAAAAAAAAAAYY 


TT TTPT IIS TL TTL fd 


tSLMV tSHMH 


{_TaG DATA vaLID KKK 


tT VMV | } tMXTX 
marae MATCH VALID 
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data inputs. A logic one “1" output on the MATCH 
pin indicates that the input data and the RAM data 
match. Conversely, a logic zero "0" on the MATCH 
pin indicates at least one bit of difference between 
the RAM contents and the input TAG, generating a 
miss. 


The MATCH output is constructed with a totem- 
pole arrangement. The totem-pole configuration 
allows the designer to minimize switching delays 
and noise problems associated with open-drain 
devices. In a cache subsystem, the MATCH signal 
provides the processor or CPU with the necessary 
information concerning wait state conditions. The 
purpose of a cache subsystem is to maintain a 
duplicate copy of portions of the main memory. 
When a valid match occurs, the system processor 
uses data from the fast cache memory, and avoids 
longer cycles to the main memory. Therefore, im- 
plementing cache subsystems with the MK48S80, 


Figure 7. Reset Timing 


COMPARE 


ADDRESS 


and providing good hit or match ratio designs will 
enhance overall system performance. Because 
high frequency current transients will be associated 
with the operation of the MK48S80, power line 
inductance must be minimized on the circuit board 
power distribution network. Power and ground 
trace gridding or separate power planes can be 
employed to reduce line inductance. Though often 
times not thought of as such, the traces of a mem- 
ory board are basically unterminated, low imped- 
ance transmission lines. As such they are subject 
to signal reflections manifested as noise, under- 
shoots and excessive ringing. Series termination in 
close proximity to the TTL drivers can improve 
driver/signal path impedance matching. While ex- 
perimentation most often proves to be the only 
practical approach to selection of series resistors, 
values in the range of 10 to 33 ohms often prove 
most suitable. 


RESET CLEAR 
tRSC 


RR AXXO AA 


tRSL-AX 


tRSH-AV 


tRSH-AV 


LLLP LLL LPs 


MLL LLSLLLLLLL Ps 


tRSL-MH 


(_ MATCH vaLID_ X/\y’) 
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Note: G = High 
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ABSOLUTE MAXIMUM RATINGS 


a 
me [Pomeroeseain 
[ew [owmacoren 


Note: This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operafion 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliabitty. 


RECOMMENDED DC OPERATING CONDITIONS (0 °C < Ta < +70 °C) 


se 
Tie [Saeiene— 
Taos ee 
Tm [ssrA dae | eves | vp 
OL 


ti 


<j;}<j;< 


DC ELECTRICAL CHARACTERISTICS (0 °C < Ta <$ +70 °C; Vcc = 5V + 5%) 


[somint [Peony [_ stmt | 
[es _[neavsPoversnpyomen [| 16 [ma 
[ke [ieatetaovomen ft fmf 
ON 
[or [isos onan tor=—eon [ae [| om fe 
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CAPACITANCE (Ta = 25 °C, f = 1MHz) 
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AC TEST CONDITIONS 


Pome 
meats SSCS ws 
Cesionte CdS 


Figure 8. Equivalent Output Load Circuits 


VRO01029 VR001030 
Notes : 
1. Measured with load shown in Figure 8A. 
2. Measured with load shown in Figure 8B. 
3. All voltages referenced to GND. 
4, Icc1 is measured as the average AC current with Vcc = Vcc (max) and with the outputs open circuit. tavav = tavav (min) duty cycle 100%. 
5. Input leakage current specifications are valid for all Vin such that 0 V < Vin < Vcc. Measured at Vcc = Vec (max). 
6. Output leakage current specifications are valid for all Vour such that 0 V < Vout < Vcc, S = Vin and Vec in valid operating range. 
7. Sampled, not 100% tested. 


10/11 fy, SGS-THOMSON 
0 oe ee ee ee \/ A MICROELECTRONICS 


704 


MK48S80 


ORDERING INFORMATION 


Example: MK48S80 X 17 /20 


[—Peetase—] [Some] [Oaton 


N  PSDIP28 15 15ns /20 ‘Tape & Reel 
X PSOJ28 17. 17ns 
300 mils 20 20ns 
25 25ns 


For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest you. 


{7 SGS-THOMSON 11/11 
S/A MICROELECTRONICS 
705 


fgg SGS-THOMSON 
YF, ‘iucROELECTROMES MK4202 


VERY FAST CMOS 2K x 20 CACHE TAGRAM 


=» 2048 x 20 CMOS SRAM WITH ONBOARD 


COMPARATOR 
=» MATCH ACCESS TIME: 17, 20, 2ons 


= READ ACCESS TIME: 20ns Max re ae 
m RESET CYCLE: 25ns Max | eee 

= Ico (OUTPUTS DESELECTED): siciviadal | : 
=» STANDBY: 50mA Max GoM ay 


= FLASH CLEAR VALID BIT FUNCTION 


# TARGET APPLICATION: 68040-30, AND 


80486-50 CACHE 
PLCC68 (Q) 


PIN NAMES 


DQ1 - DQ19 — Data I/O 


— 
Low or High) 


Write Enable ie Low) 7 oo 


CDQO 


DQi—DQ19 


CGO 


CGI 


Compare 0 Output oa 
Hit = High, Miss = Low » spose) Se 


Compare 0 Output (3- State) — 
Hit = oe Miss = Low 
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Figure 2. Block Diagram 


MEMORY CELL 
MATRIX 3/4 


40960 BIT 
STATIC RAM 


ROW a 
DECODER 


cama FP READ RAE) 


ENABLE 
DECODER a 


ee wy SPLIRES 


COMPARE 
LOGIC at 


COMPARE 
gli dy 


DATA IN 
COLUMN 
ADDRESS Ls SUEEEN 
BUFFER 


DEVICE DESCRIPTION AND FEATURES 


The MK4202 is designed to be connected DI- 
RECTLY to a high performance 32 bit microproces- 
sor, allowing the elimination of the logic delays 
associated with collecting HIT or Miss outputs into 
a subsequent gate or the RC delays associated 
with wired-OR open collector match outputs. 


The MK4202 TAGRAM™ has four major features 
that allow direct connection: 


1. Wide enough for almost any TAGRAM applica- 
tion without requiring multiple chip width expan- 
sion and the delays that would result. 


2. Four (4) programmable CHIP ENABLE inputs, 
_ allowing DEPTH EXPANSION without any of 


the attendant chip enable decode delays that 
would otherwise be required. 

PO-P3 should be tied directly to Vcc or Ground, 
or through pull-up or pull-down resistors. The 
MK4202 is selected when E0-E3 equals PO-P3 
in a binary match. 

(Example: E0-E1 = 0110, PO-P3 = 0110.) 


3. 3-STATE COMPARE OUTPUTS, allowing all 


Compare outputs to be bused together so the 
Address-to-Compare access time for a depth 
expanded application is identical to that of a 
single device. The Programmable Chip Enables 
prevent bus contention by assuring that only 
one TAGRAM at a time drives each Compare 
bus when in Compare mode. 
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Figure 3. Pin Connection 


MK4202 


28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 


SO MIO O In 
<ti<«t< O |= 
> 


S ISIE|S ISIE 


4, DUAL COMPARE OUTPUTS (CO and C1) and 


FORCED HIT (HO and H1) and FORCED 
MISS (MO and M1) inputs for each. The ar- 
rangement allows direct connection of the TA- 
GRAM to a processor input (such as the 
READY input on Intel based processors), and 
to the Output Enable (OE) on a Data CACHE 
bank. The connection of the signals which 
would have been connected to the processor 
inputs and/or data CACHE inputs, are 
PASSED THRU the MK4202 TAGRAM, thus 
eliminating the need for subsequent gates to 


VA00620 


collectthe COMPARE OUTPUTS todevelop an 
input to the processor and/or data CAHE. The 
net effect is that the Address-to-Compare access 
time dem-onstrated by the MK4202 is all of the 
delay the user must consider. The alternative 
approach, using narrow TAGRAMs with open 
collector output or narrow TAGRAMs with 2-state 
outputs and 7.5ns programmable logic, requires 
that the narrow TAGRAMs demonstrate a 9ns 
Address-to-Compare access time to yield the 
same performance in a user’s system that the 
MK4202 provides. 
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POWER DISTRIBUTION 


The MK4202, being a 20 output device, obviously 
requires the use of good power bussing tech- 
niques. MK4202 has been designed in such a way 
as to allow the user to minimize the effects of 
switching transients on overall circuit operation. Of 
particular interest is the separate bussing of the 
Vcc and GND lines to the output drivers. The 
advantage provided by these separate power pins 
is that voliage sags and ground bumps seen on 
these pins are not reflected into the other portions 
of the chip, particu-larly the input structures. As a 


Figure 4. Application Block Schematic 


ADDRESS 


i80486 
MK4202 
2Kx20 
TAGRAM 


result, switching noise in the supply has much less 
effect on input levels, providing the user with more 
noise margin than would otherwise be available. 


Of course all Vcc and GND pins must always be at 
the same DC potential. Differences between them 
due to AC effects are expected, but must be mi- 
nimized through the adequate use of bussing and 
bypassing. All specifications and testing are done 
with GND + 10mV RMS, Vcc = + 10mV RMS with 
ae peak differences not exceeding 
50mvV. 


ADDRESS 
BUFFER 
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TRUTH TABLE 


i [sarees [woos [ones v0 [nore 
[x [Forcomiss [tow | - [| 1 
ee 
Caen a2 | = [a 
x [Sianioy [ez [we 
Daw | WL orp en] 
Cae www oanpe —at[n | 
a 
A Se SA 
a 


pele [epee pe [De foes 


ORG, A OG eM es rr 
Pee Dept Ste fief 


| = [HZ] 


fe Ppp fe PP me f= fe 


efx = f= [Weraiowes _[- [We [ 2 
SH 


Notes: 

1, Force hit/miss operations independent of other RAM operations. 

2. May disrupt Reset, will not damage device. 

3. Reset will force CO and C1 low during a valid compare when CDQ0 is Din= HIGH. 


Key: X = Don't Care 
F = (False) EO-E3 pattern DOES NOT match PO-P3 pattern. 
T = (True) E0-E3 pattern DOES match PO-P3 pattern. 


= Not related to identified mode of operation. 
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ABSOLUTE MAXIMUM RATINGS 


[Symbot [Parameter] 
x [enor erie wan [ear 
[Ta __[Anitiert Opeaing Tenperawre i) «SSC OCS 
[Po | Taldevce PowerDissibaton—————SS=dSSSCBSSSC*S 
tour [AuSOupatCurentperPin CA 


Note : Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other condition above those indicated in the operation sections of this specification 
is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


DC ELECTRICAL CHARACTERISTICS (Ta = 0 to 70°C, Vcc = 5V cans “eae 


Symbol Parameter 

ae ee 
ee [ erage PoverSupoy Goren [| TO 
Ra 
Sa 
Pk [ineuttcakageGures ||| | 
[toc [Outptteatage Curent | ——<d| «|| ek 
[ve [puttowvorage || CTC 
[va [ipatignvorages «Tee | «| (eons [| a 
[Vor [tonic 1 Output voragotour=—ama | ee | | | vid 
A A 


All voltages referenced to GND. 

Inputs (PO-P3) require Vin min. = 4.5 volts and Vi. max. = 0.5 volts. 
Sampled, not 100% tested. Measured at 1 MHz. 

Measured at all data I/O's, CO and C1. 


if 


Notes : 

1. Measured with outputs open. Vec max. 

2. Measured with Vin = OV to Voc. 

3. Measured at CDQ0, DQ1-DQ19, CO and C1. 


NOD 


CAPACITANCE (Ta = 25°C, f = 1.0 MHz) 


Symbol Parameter 


ee (a 
ae (a BED a 
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Ambient Temperature 0 to 70 


Figure 5. Equivalent Output Load Circuits 


470 ohms 


240 ohms 


VRO01036 


READ MODE 
The MK4202 is in the Read mode whenever W is 


HIGH, and G is LOW provided Chip Select (S) is 
LOW and a true Chip Enable pattern (E0-E3) is 
applied. The 11 address inputs (AO-A10) define a 
unique index address giving access to 20 of 40,960 
bits of data in the static memory array. Valid data 
will be present at the 20 output pins within tavav of 
the last stable address provided Chip Enable, Chip 


240 ohms 


VR001037 


Select (S), and Output Enable (G) access times 
have been met. If Chip Enable, S, or G access 
times are not met, data access will be measured 
from the latter falling edge or limiting parameter 
(tevav, tsLav, or taLav). The state of the tag data 
I/O pins is controlled by the (E0-E3), S, G, and W 
input pins. The data lines may be indeterminate at 
tevox, Or tsLax, Or teLax, but will always have valid 
data at tavav. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Read Cycle Timing) (0°C < Ta < 70°C; Vcc = 5V + 5%) 


cal 
a 


STD | ALT 


in [mx 
Pow [te [ometme | 


Trae [toa [Capemneraseonmz | |e] |e] || m=] 
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Fer | son [cnpsaetoupunroatine [2 | |e] fe} [=| 
Piso [ez [apseecoinz fs] fs] |e} [~=] 
Tisee [toe [Orpseecrorehz | 

Poy [to [ Onpt nae cessing | 
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Figure 6. Read Cycle 


TRUE CHIP ENABLE PATTERN 


Ch BATA OUT 7) 


VR001038 
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Figure 7. Address Read Cycle 


ADDRESS VALID ADDRESS 


tAVQV 
a 
PEP ESE SPES SE) (CELE 6 CECCECEE 
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Figure 8. Chip Enable Read Cycle 


TRUE CHIP ENABLE PATTERN 


tEVQV tEXQZ 
tEVQX tEXQX 


<k pata our })) 
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Figure 9. Chip Select Read Cycle 


(CA BATA OUT 7) 


VA001041 


Figure 10. Output Enable Read Cycle 


(Ch DATA oUT__7)) 


VRO001042 
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WRITE MODE 


The MK4202 is in the Write mode whenever W is 
LOW provided Chip Select (S) is LOW and a true 
Chip Enable pattern (E0-E3) is applied (G may be 
in either logic state). Addresses must be held valid 
throughout a write cycle, with either W or S inactive 
HIGH during address transitions. W may fall with 
stable addresses, but must remain valid for twuwu. 


Since the write begins with the concurrence of W 
and S, should W become active first, then tsisH 
must be satisfied. Either W or S can terminate the 
write cycle, therefore tpvwH Or tovsH must be satis- 
fied before the earlier rising edge, and twupx or 
tsHpx after the earlier rising edge. If the outputs are 
active with G and S asserted LOW and with true 
Chip Enable, then W will return the outputs to high 


impedance within twiaz Of its falling edge. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Write Cycle Timing) (0°C < Ta < 70°C; Vcc = 5V+ wm 


Symbol 
Parameter 
Seema 


} tava Ftway | to | CycleTime = Cycle SCycleTime = a TE 
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isn [i [aaieorasiwtenmna [et tet >| [el] 
Fm [te [aaieosenetmronsiow Tet te] fe] [=| 
ee ee ee 

= 


WHEX HIG 


tevsL Se Chip Enable Set-up | Chip Enable Set-up Time to S LOW | to SLOW : dee. et 

Sg ee 
Pom [ow [wacraewan ste] ef f*l [=| 
Pas [ ew [ereannrcewas et [*| fa{ [=| 
Pom | te [oasnmmownme [ef fel [ef [wl 
SN 
foo | = [omenermnswen Taf fal [ef fw] 
oor | or [omsnermnswon Tol [ef fel [=| _ 
[mcr | te [Ommmrzronmon | Tet fe] |@[=| 
Fier [ ms [onmastonaiommen [ST fe] [et [=| 
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Figure 11. W Write Cycle 


ADDRESS VALID ADDRESS 
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TRUE CHIP ENABLE PATTERN 
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Figure 12. S Write Cycle 


ADDRESS VALID ADDRESS 


TRUE CHIP ENABLE PATTERN 


ALLL / 


tDVSH 


DATA IN 


VRO01044 
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COMPARE MODE 


The MK4202 is in the Compare mode whenever W 
and G are HIGH provided a true Chip Enable 
(E0-E3) pattern is applied. Chip Select (S) is re- 
guarded as a don't care since the user is not 
concerned with the data outputs, but only with the 
Compare (C0, G1) outputs. Mx and Hx must be 
HIGH, and CGO, CG1 active LOW to enable the 
Compare outputs for a valid compare hit or miss. 


The 11 index address inputs (A0-A10) define a 
unique location in the static RAM array. The data 
presented on the Data Inputs (DQ1-DQ19 and 
CDQ0) as Tag Data is compared to the internal 
RAM data as specified by the index. If all bits are 


equal (match) then a hit condition occurs (CO and 
C1 = HIGH). If at least one bit is not equal, then a 
miss occurs (CO and C1 = LOW). 


The Compare output will be valid tavcv from stable 
address, or tpvcv from valid tag data provided Chip 
Enable is true, and CGx is active LOW. Should the 
address be stable with valid tag data, and Chip 
Enable false, then compare access will be within 
tevcv from true Chip Enable. When executing a 
write-to-compare cycle (W = LOW, and G = LOW 
or HIGH), CO and C1 will be valid twHcv or taHcv 
from the latter rising edge of W or G respectively. 
Finally, when gating the Cx output in the compare 
mode with CGx, the compare output will be valid 


tca.-cv from the falling edge of CGx. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Compare Cycle Timing) (0°C < Ta < 70°C; Vcc = 5V+ a 


aaa 
ibs em mei 


= eet | Address Compare Access Time | Address Compare Access Time Access Time 


Address Compare Output Hold 
taxcx | tACoH Time 


Tag Data | Tag Data Compare Access Time | Tag Data Compare Access Time Time | 14 | ) 14] | te} | 20 | 

ee ee pe 
Timor [ won [Wiowiecarmarewen | [| [| [fm] 
wor [wear [WearpareGunataeTime |] | +} |* | >=] 
Timcx | mex |Wiocermareroo |e} [si |*| [=| _ 
Pwr [wor |Wioconeeevats |_| >| [| |#fm| 
[act [toon [Slowioconpaowen || || | @| mw] 
FTovox [econ |SConpareGuparaetine [+ | [+] 1+] [=| _ 
Piacx [tase [Swoommaeowor f=] |e] |e] [=| 
Fer | tov [Stocompaevars | || [wl] [elm] 
Por | tex [ETusto compare Acowetine | [|p| ||| 
Fexox [tes [EFakecomparradTime | * | || || [=| 
Tisex | tex [Eta wconpactonz | | [*)} || [=| _ 
Pisce [cow [EFatowCompactenz | |e] |e] [[=| 
Teaser | teon | OGrI0Conpacncmestine | |e | |e] ||m| 
[conse | oon [COKGompaewowTme | @ | |e | [a] |] 
Feauox| tou [SLOW Compact? |e | |e} |e} [=| 
[cove | tow [CHM CommeMZ | [et le] [>=] 
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Figure 12. Summary Compare Cycle 


ADDRESS VALID ADDRESS 


we -_ 


TRUE CHIP ENABLE PATTERN FALSE CHIP ENABLE 


tEXCZ 
tEXCX 
| 


DATA IN 


' 
tDVCV 


aia tCGH-CZ 


tCGL-CX tCGH-CX 


(Ch HIT/MIss VALID >) ) 


VR001045 


Notes : 
1. Wand G are both assumed to be HIGH. 
2. Hx and Mx are both assumed to be HIGH. 


Figure 13. Compare Cycle 


ADDRESS VALID ADDRESS VALID ADDRESS 


tAXCX _ 


DATA IN DATA IN 


tDVCV 


tDXCX 


HIT/MISS VALID ( X — HIT/MISS VALID 


VR001048 


Notes : 
1. Wand G are both HIGH, CGx is LOW and a true Chip Enable pattern is present. 
2. Hx and Mx are both assumed to be HIGH. 
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RESET MODE 


The MK4202 allows an asynchronous reset when- 
ever RS is LOW regardless of the logic state on the 
other input pins. Reset clears all internal RAM bits 
in CDQ0 (2048 bits) to a logic zero. This output can 
be used as a valid tag bit to insure a valid compare 
miss or hit . It should be noted that a valid write 
cycle is not allowed during a reset cycle (W =LOW, 


S =LOW, RS = LOW, and Chip Enable is true). The 
state of the data outputs is determined by the input 
control logic pins : Chip Enable, S, G, and W (see 
truth table). Should a reset occur during a valid 
compare cycle, and the CDQo valid tag bit is set to 
a logic "1", then Cx will go LOW at trst-ci from the 
falling edge of RS. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Reset Cycle Timing) (0°C < Tas 70°C; Vcc = 5V+ a 


| Reset pulse Width = | Reset pulse Width = Width 


FORCE HIT AND FORCE MISS 

The MK4202 can force either a miss or hit condition 
on the CO and C1 outputs by asserting MO, M1 or 
HO, Hi LOW. A Force Miss overrides a Force Hit 
condition and is not dependent upon Compare 


=== 
OSes 


oe 


} tastav | AV | tastav | tas | Address Recovery Time 
eC ad es 


Output Enables (CGx) (see truth table). The CO and 
C1 outputs will go HIGH within tuLcu from the falling 
edge of HO, Hi or CO and C1_will go LOW within 
twicifrom the falling edge of MO, M1. All MO, M1 
and HO, H1 inputs must be HIGH during a valid 


compare cycle. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Force Hit or Miss Cycle Timing) (0°C < Ta < 70°C; i 5V + aa 


ell 
= i i a 


a ref fe] [ele] 
cee a CR Ek 
[twcor [te [FocoritiocGromcae fe [  [e| [fl [=| _ 
[ievcon | tw [FoceniecGrrecmmed [= | | 2| [a] [=| _ 
[tues [tn WetoFoventss essing [| 8 [|e [Pe [ms | 
a 
| tucex | tus | Force Miss to CGx Don'tCare | Force Miss to CGx Don’t Care 


' Force Miss to CGx 
eee need 
ae ee ie ee ee 
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Figure 14. Reset Cycle 


WRITE 
tAVAV 


ADDRESS VALID ADDRESS 


tRSL-AV 


tRSL—RSH 


tRSH—AV. E 


tDVWH 


DATA IN 


VROO01047 


Note : Reset during an active write cycle is not allowed. A write cycle may disrupt Reset, but will not damage devcre. 


Figure 15. Valid Compare - Reset 


tRSL-RSH 


VALID COMPARE 


VRO01048 


Note : CDQ0O is presumed to be HIGH. 
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Figure 16. Force Hit Force Miss 


LLIL A, WLLLLLLLLLL LL 


tML—CGX 


tMH—-CGH 


nil ol 


tMHCZ 


VALID HIT VALID MISS 


VROO01049 


Figure 17. Late Write - Hit Cycle 


TRUE CHIP ENABLE PATTERN 
tEVCV tEXCZ 


tEVCX tEXCX 


ao wines 


tCGH—CZ 


tCGH—CX 


LLL NAY 


VROO1068 


Note: Gis HIGH and a Valid Address is present, Hx and Mx are both assumed to be HIGH, with CGx LOW. 
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Figure 18. Compare - Write Hit - Compare Cycle 


tWLCH tWHCV “| 


tWLCX tWHCX 


VALID coMPARE —- ¥-/ / / X\\\X COMPARE 


VRO01089 


Note: Gis HIGH and a Valid Address is present, Hx and Mx are both assumed to be HIGH, with CGx LOW. 


Figure 19. Late Read - Hit Cycle 


TRUE CHIP ENABLE PATTERN 
tEVCV tEXCZ 


tEVCX tEXCX 


ina 
lances - tGHCX 
ee o 


tCGH—-CZ 


tCGH—CX 


LLL RAY 


VRO01070 


Note: Gis HIGH and a Valid Address is present, Hx and Mx are both assumed to be HIGH, with CGx LOW. 
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Figure 20. Compare - Read Hit - Compare Cycle 


tGLCH tGHCV “| 


tGLCX tGHCX 


VALID COMPARE X\\AX COMPARE 


VRO01071 


Note: Wis HIGH and a Valid Address is present, Hx and Mx are both assumed to be HIGH, with CGx LOW. 


Figure 21. Early Write - Hit Cycle 


VRO001072 


Note: Gis HIGH and a Valid Address is present, (EO - E3) = True. Hx and Mx are both assumed to be HIGH. 


Figure 22. Early Read - Hit Cycle 


tCGH-CZ 


VRO01073 


Note: Wis HIGH anda Valid Address is present, (EO - E3) = True. Hx and Mx are both assumed to be HIGH. 
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ORDERING INFORMATION 


Example: MK4202 Q 17 


Q PLCC68 17 17ns 
20 20ns 
25 25ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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Ay 369 THOMSON MK62486 


VERY FAST CMOS 32K x 9 CACHE BRAM 


m 32K x 9 CMOS SYNCHRONOUS BURST SRAM 
FAST CYCLE TIMES: 25, 30ns 

FAST ACCESS TIMES: 19, 24ns Max 
ON-BOARD BURST COUNTER 

INPUT REGISTERS (ADDR.,DATA,CTRL) 

= SELF-TIMED WRITE CYCLE 

= THREE STATE COMMON I/O 

= HIGH OUTPUT DRIVE CAPABILITY 
ASYNCHRONOUS OUTPUT ENABLE (G) 
BURST CONTROL INPUTS: ADSP, ADSC, ADV 


DUAL CHIP SELECTS for EASY DEPTH 
EXPANSION 


PLCC44 (Q) 


Figure 1. Logic Diagram 


DESCRIPTION 


The MK62486 BRAM™ is a 288K (294,912 bit) 
CMOS Burst SRAM, organized as 32,768 words x 
9 bits. It is fabricated using SGS-THOMSON’s low 
power, high performance, CMOS technology. 


KT» DQ0—-DQ8 
Table 1. Signal Names 


OV 
RES 
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Table 2. Absolute Maximum Ratings “) 


TA Ambient Operating Temperature 


Storage Temperature 


Input or Output Voltages —0.5 to 7 


er ee 
yr 


Notes: 1. Except for the rating "Operating Temperature Range" stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Ratings conditions for extended periods may affect device reliability. Refer also to the S@GS-THOMSON SURE Program and other 


relevant quality documents. 
2. Up to a maximum operating Vcc of 5 5V only. 
3. One output at a time, not to exceed 1 second duration. 


Figure 2. LCC Pin Connections 


MK62486 


= 
Q 
z 
© 
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DESCRIPTION (cont’d) 


The device integrates a 2-bit burst counter, input 
regis-ters, high output drive capability, and high 
speed synchronous SRAM onto a single chip. The syn- 
chronous design provides precise control using an 
external clock (K) input. 


2/12 


The MK62486 is specifically adapted to provide a 
burstable, high performance secondary cache for 
the i486® microprocessor. 


The MK62486 is available in a 44 lead Plastic 
Leaded Chip Carrier package (PLCC). The device 
provides multiple power and ground pins to reduce 
effects induced by output noise for high perform- 
ance applications. The main Burst SRAM power 
requires a single 5V + 5% supply, and all inputs 
and outputs are TTL compatible. 


DEVICE OPERATIONS 


Addresses (A0-A14), data inputs (DQ0-DQ8), and 
control signals, with exception of Output Enable 
(G), are clock controlled inputs through non-invert- 
ing, pos-itive edge triggered registers. A cache 
burst address sequence can be initiated by either 
ADSP (Address Status Processor) or ADSC (Ad- 
dress Status Cache Controller) inputs, with sub- 
sequent burst addresses being internally 
generated by the Burst SRAM. The ADV input 
(burst address advance) provides control of the 
burst sequence, which imitates the i486 cache 
burst address sequence. Once a cache burst cycle 
begins, the subsequent burst address is generated 
internally each time the ADV input is asserted at 
the rising edge of the clock (K) input. The burst 
counter operates in the same manner for either 
cache burst write or read cycles. 


The ADSP and the ADSC inputs control the start 
and the duration of the burst sequence respec- 
tively. Each time either address status input is 
asserted low, a new external base address is reg- 
istered on the positive going edge of the clock (Kk). 
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Table 3. Asynchronous Truth Table Table 4. Burst Count Sequence 


| Mode External Address A14-A2 
= 

ist Burst Address A14-A2 Al AO 
High-Z = 

2nd Burst Address A14-A2 
3rd Burst Address A1i4-A2 


Note: The burst count sequence wraps around to the initial 
address after a full count is completed. 


Data In (High-2) 
gh: 


Notes: 1. X = Don’t Care. = 
2. For a cache write cycle following a read operation, G 
must be high before the input data required set-up time, 
and be held high through the input data hold time. 


Table 5. Synchronous Truth Table 


| so_| si_|aosp|apsc| apv | w | k | Address | Operation 
Tn bales 
Ease ew eses ee ee (ee 


pepe be pe ps «Lt fewer [irom 


Notes: 1. X = Don’t Care. 

2. All inputs except G require set-up and hold times to the rising edge (low to high transition) of the external clock (K). 
3. All read and write timings are referenced from G or K. 
4. 


Aread cycle is defined by W high or ADSP low for the required set-up and hold times A write cycle is defined by W being 
asserted low for the set-up and hold times. 


5 Gis a don't care when W is registered lot low from the previous rising clock edge 


6. Chip Selects must be true (SO = high, Si= low) at each _rising of the clock while ADSP or ADSC ts asserted for the device to 
remain enabled; Chip Selects are registered whenever ADSP or ADSC is asserted low at the rising edge of the clock. 
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Figure 3. Block Diagram 


ADDRESS 
REGISTERS 


BINARY 
COUNTER 


=—aa = 


ENABLE 
REGISTER 


32K x 9 MEMORY ARRAY 


(294,912 BITS) 


INPUT 
REGISTER 


WRITE eri La 
REGISTER 
ai 


DEVICE OPERATIONS (cont’d) 


When ADSP is asserted low, any ongoing burst 
cycle is interrupted, and a read operation (inde- 
pendent of W and ADSC) is performed at the new 
registered external base address. Anew burst cycle 
is initiated each time ADSP is asserted. By assert- 
ing ADSC low, the present burst cycle (initiated by 
ADSP) is interrupted and an extended burst read 
or write (depending upon the logic state of W at the 
rising edge of K ) is performed at the new registered 
base address. Chip selects (SO and S1) are only 
sampled when a new base address is loaded. 
Therefore, the chip selects are registered when 
either address status input is asserted low at the 
rising edge of the clock (K), and remain latched 
internally until the next assertion of either ADSP or 
ADSC. The MK62486 Truth Tables and timing dia- 
grams reference specific device operations. 


It should be noted that the MK62486 allows a 
non-burst mode of operation where ADSP is the 
ADS# of the i486 processor in a 2-2 cycle moda of 
operation, and ADSC is held high during T2 (see 
Figure 5). However, the non-burst mode obviously 
negates the advantage of the internal burst counter 
for fast cache fill operations. In either mode (burst 
or non-burst), the write cycles are internally self- 
timed, and are initiated by the rising edge of the 
clock input. Self-timed write cycles eliminate com- 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 4. AC Testing Load Circuit 


DEVICE 
UNDER 
TEST 


eC, =85pF or Spr 


Cy includes JIG capacitance 


VA01238 
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Table 6. Capacitance (Ta = 25 °C, f = 1 MHz) 


Test Conaition | Min_| 
Input Capacitance onalipins(exceptD@) | __—Vw=0V_ | |S 
Output Capacitance Vout = OV he 


Notes: 1. Sampled only, not 100% tested 
2. Outputs deselected 


Table 7. DC Characteristics (Ta =0 to 70 °C, Vcc = 5V + 5%) 


Test Condition 
Input Leakage Current OV < Vin S$ Vec 
Output Leakage Current OV < Vout ¥$ Vcc 


G = Vin, SO = Vin, $1 = Vit, 


Icor Supply Current All inputs = Vi_ = OV 
and Vin 2 3V 


in| 
anaes 
—S 
| —_ 
23 
22 
ae 


iees {ll PR eoment aR tencny S0 < 0.2V, St > Voc -0.2V 


[ve [inputtowvanage ip 
[vr [nut ighvetage pO 
ee et ee ee 


Notes: 1. Average AC current, Outputs open, cycling at tkuxH minimum 
2. All other Inputs at Vir < 0.8V or Vin > 2.2V 
3. All other Inputs at Vit < 0.2V or Vin = Vcc — 0.2V 
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Figure 5. General 128K Byte Cache Block Diagram 


| 
TAGRAM 


DEVICE OPERATIONS (cont'd) 


plex off-chip write pulse generation providing more 
flexibility for incoming signals. 

The ADV input controls subsequent burst data 
accesses after the first data of the burst cycle is 
processed. Each time ADV is asserted low for 
subsequent bursts at the rising edge of the clock 
input, the burst counter is advanced to the next 
burst address sequence. The address is advanced 
before the operation. Wait states can be inserted 
during burst cycles by holding the ADV pin high 
during positive clock transitions. Upon completion 
of the full internal burst count, the address will 
wrap-around to its initial base address. 


<P) GLOBAL 
¢__»| MEMORY 
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GENERAL APPLICATION 


The MK62486 is organized using the ninth bit as 
the parity bit to support byte parity. Since the i486 
processor provides on-board parity generation and 
checking, the ninth bit of the cache Burst SRAM 
can be passed to one of the DPO-DP3 pins of the 
microprocessor. Thus the MK62486 provides an 
architecture for building a 32K x 32bit burstable 
data cache SRAM array, with byte parity, by using 
four devices in a 128K byte cache application. 
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Table 8. Read and Write Modes AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 5%) 


MK62486 
Parameter 


Cycle Time 25 


Symbol 


tKHKH 


tKHaV 


ne) 


ot ee ees 
4 | fs | 2 | 
pe || ts | ons | 2 
Eee | 


Nh 


tansvkH | Address Status Set-up Time 
tw [WrteReadSetuptime | 3 | | || os | 8 


tapvvkH_ | Address Advance Set-up Time 


tSovKH Chip Select 0 (SO) Set-up Time 


ter [on See Sijserptme [a | [| |= | s_ 
tous [ratosstisttme te | | dl | 
Piewone [Adress Saustogtine st 2 | df 2 | | 
Teor [Datantotine SSCs | | | 
Twn [WitemeadHoTine i 

. 

T wisne [ohn seca SivoaTm | 2 | | 2 | | 


Notes: 1. C. = 85pF (see Figure 4). 
2. Transition is measured + 500 mV from steady-stage voltage with C. = 5pF (see Figure 4). This parameter is sampled and 
not 100 % tested. 
3. This is a synchronous device requiring that all inputs must meet the specified set-up and hold times with stable logic levels for 
all rising edges of the clock input (K). 


N 


oO | oO 


Mm | M | M [oo 
NM 7M | M [oo 
GO |@Q | ao |} ao 


BE 
aa 


A 
A 


Nh 
nh 
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Figure 6. Non-Burst Read/Write 2-2 Cycles 


PROCESSOR T1 
CLK STATE 


tKHKH 


{oN LON 


tADSVKH - —-—-. —--- tKHADSX 


tS1VKH -- - -- tKHS1X 


(SO=VIH) i ee 7 es 


t ADVVKH -— -- —- tKHADVX 


b= a HDX 


tGLav - 'DVKH _ 


3 2 Dout Q1(A1) >. © din » one) > 
~ 


~ tKHOV 


Note: Non-Burst 2-2 Bus Cycle K486R01 
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Figure 7. Burst Read Cycle 


T1 T2 T2 T2 T2 T2 T2 


Begin Burst tKHKH Extend Burst Suspend Burst 
- oe : tKHKL-~ ------—-- tKLKH 


“ . 
K / oS of A ; 
tADSVKH - —--  - tKHADSX 


Vea 


ADSp . jf 


ADS C 


tS1VKH - 


S1 : & | 

(SO=VIH) se 4% 2 ee 
. tKHADVX 
pelea 


tKHQX2 - - 


a ¥ Ya ¥ Vas: Yaa. 
: /\ FN BAS FS / r\ : : 
(A1) (A1) (A1) (A1) (A2) (A2) 


tKHQX1 - 
(Data OUT) 


BRAMBR2 
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Figure 8. Burst Write Cycle 


T1 T2 T2 T2 T2 
Begin Burst Extend Burst Suspend Burst Extend Burst 


tKHKL - - {tKLKH 


tADSVKH - - tKHADSX 


tAVKH - - tKHAX 


tWVKH_.- - tKHWX 


tSOVKH - - tKHSOX 
SO : 


(S1=VIL) 
tADVVKH - . tKHADVX 
ADV 


t DVKH 


D2 © S D3 ’ D4 ¢ Di 


, 
a \ £ 


(A1) (A2) (AQ) (A2) (A2) ~— (A3) 
K486BWo02 


é 


(Data IN) 
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Figure 9. Combined Burst Read/Write Cycle 


T1 T2 T2 T2 T2 
Begin Burst Suspend Burst Continue Burst 


tKHKL - g - tKLKH 


TADVVKH - -  - tKHADVX 


tDVKH .- - tKHDX 


tGHQZ - - + tG@LQx tGHQZ - address wrap around 


Qt : /  Q2 Q3 Dt meh 
(At) (A1) (A1) (At) (A) 
BWRK486 


Note: SO = High, S1 = Low. 
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ORDERING INFORMATION SCHEME 


Example: MK62486 Q 19 TR 


| Package | |___ Speed | |__ Option 


Q PLCC44 19 19ns at 40MHz TR Tape & Reel 
24 24ns at 33MHz pacdng 


For a list of available options (Package, Speed, etc... ) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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VERY FAST CMOS 32K x 9 CACHE BRAM 


ADVANCE DATA 


m8 32K x 9 CMOS SYNCHRONOUS BURST SRAM 
» FAST CYCLE TIMES: 15, 20ns 

FAST ACCESS TIMES: 11, 12, 14ns Max 
ON-BOARD BURST COUNTER 

INPUT REGISTERS (ADDR.,DATA,CTRL) 
SELF-TIMED WRITE CYCLE 

THREE STATE COMMON 1/O 

HIGH OUTPUT DRIVE CAPABILITY 
ASYNCHRONOUS OUTPUT ENABLE (G) 
BURST CONTROL INPUTS: ADSP, ADSC, ADV 


DUAL CHIP SELECTS for EASY DEPTH 
EXPANSION 


DESCRIPTION 


The M62486A BRAM™ is a 288K (294,912 bit) 
CMOS Burst SRAM, organized as 32,768 words x 
9 bits. It is fabricated using SGS-THOMSON’s low 
power, high performance, CMOS technology. 


Table 1. Signal Names 


AQ -A14 Address Inputs 
DQO - DQ8 Data Inputs / Outputs 


Clock 


[Clock 
Wo | Wite Enable 
Go| Outputenable 
[Ground 


=||~ 


G)| 


GND Ground 
Supply Voltage (DQ) 


Ground (0) 


December 1993 


PLCC44 (Q) 


Figure 1. Logic Diagram 
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KFS DQ0—DQ8 


M62486A 


GND GNDQ VA01242 
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Table 2. Absolute Maximum Ratings ™) 


Symbol 


Parameter 


Storage Temperature 
a Supply Voltage 


Input or Output Voltages —0.5to7 oe 


510160 


Notes: 1. Except for the rating "Operating Temperature Range” stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Ratings conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. Up to a maximum operating Vcc of 5 5V only. 
3 One output at a time, not to exceed 1 second duration 


Figure 2. LCC Pin Connections 
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DESCRIPTION (cont’d) 


The device integrates a 2-bit burst counter, input 
regis-ters, high output drive capability, and high 
speed synchronous SRAM onto a single chip. The syn- 
chronous design provides precise control using an 
external clock (K) input. The M62486A is specifi- 
cally adapted to provide a burstable, high perform- 
ance secondary cache for the i486® 
microprocessor. The M62486A is available in a 44 
lead Plastic Leaded Chip Carrier package (PLCC). 
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The device provides multiple power and ground 
pins to reduce effects induced by output noise for 
high performance applications. Separate power 
and ground pins (Vccq and GNDa) have been 
employed for DQ0-DQ8 to allow output levels ref- 
erenced to 5V or 3.3V. For proper operation all 
GND and GNDa pin must be connected to ground. 
Vcc = Vcca at all times including power-up. The 
main Burst SRAM power requires a single 5V + 5% 
supply, and all inputs and outputs are TTL compat- 
ible. 


DEVICE OPERATIONS 


Addresses (A0-A14), data inputs (DQO0-DQ8), and 
control signals, with exception of Output Enable 
(G), are clock controlled inputs through non-invert- 
ing, pos-itive edge triggered registers. A cache 
burst address sequence can be initiated by either 
ADSP (Address Status Processor) or ADSC (Ad- 
dress Status Cache Controller) inputs, with sub- 
sequent burst addresses being internally 
generated by the Burst SRAM. The ADV input 
(burst address advance) provides control of the 
burst sequence, which imitates the i486 cache 
burst address sequence. Once a cache burst cycle 
begins, the subsequent burst address is generated 
internally each time the ADV input is asserted at 
the rising edge of the clock (K) input. The burst 
counter operates in the same manner for either 
cache burst write or read cycles. 


The ADSP and the ADSC inputs control the start 
and the duration of the burst sequence respec- 
tively. Each time either address status input is 
asserted low, a new external base address is reg- 
istered on the positive going edge of the clock (Kk). 
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Table 3. Asynchronous Truth Table Table 4. Burst Count Sequence 


High-Z 


ih 


Notes: 1. X = Don’t Care. = 
2. For a cache write cycle following a read operation, G 
must be high before the input data required set-up time, 
and be held high through the input data hold time. 


Note: The burst count sequence wraps around to the initial 
address after a full count is completed. 


Table 5. Synchronous Truth Table 
e568 Oe Ee ee a ae ae 
oe 


Ee ed 
Pe Papa fn fs 
Read Cycle - Begin 
Write Cycle - Begin 
relele lel) eee 
urst 
Write Cycle - Continue 
Read Cycle - Continue 
Pe Pa [oe [oe [mt |pemeesosnsion | tbe 
Hold Current Burst Write Cycle - Suspend 
Hold Current Burst ¢ Read Cycle - Suspend 
Notes: 1. X=Don'tCare. _ 
2. All inputs except G require set-up and hold times to the rising edge (low to high transition) of the external clock (K). 


3 All read and write timings are referenced from Gork. 


4. Aread cycle ts defined by W high or ADSP low for the required set-up and hold times. A write cycle Is defined by W being 
asserted low for the set-up and hold times. 


5. Gis a don’t care when W is registered low from the previous rising clock edge 


6. Chip Selects must be true (SO = high, S1 = low) at each nsing of the clock while ADSP or ADSC 1s asserted for the device to 
remain enabled, Chip Selects are registered whenever ADSP or ADSC ts asserted low at the rising edge of the clock. 
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Figure 3. Block Diagram 
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DEVICE OPERATIONS (cont'd) 


When ADSP is asserted low, any ongoing burst 
cycle is interrupted, and a read operation (inde- 
pendent of W and ADS(C) is performed at the new 
registered external base address. Anew burst cycle 
is initiated each time ADSP is asserted. By assert- 
ing ADSC low, the present burst cycle (initiated by 


ADSP) is interrupted and an extended burst read- 


or write (depending upon the logic state of W at the 
rising edge of K) is performed at the new registered 
base address. Chip selects (SO and S1) are only 
sampled when a new base address is loaded. 
Therefore, the chip selects are registered when 
either address status input is asserted low at the 
rising edge of the clock (K), and remain latched 
internally until the next assertion of either ADSP or 
ADSC. The M62486A Truth Tables and timing dia- 
grams reference specific device operations. 


It should be noted that the MK62486 allows a 
non-burst mode of operation where ADSP is the 
ADS# of the i486 processor in a 2-2 cycle mode of 
operation, and ADSC is held high during T2 (see 
Figure 5). However, the non-burst mode obviously 
negates the advantage of the internal burst counter 
for fast cache fill operations. In either mode (burst 
or non-burst), the write cycles are internally self- 
timed, and are initiated by the rising edge of the 
clock input. Self-timed write cycles eliminate com- 
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32K x 9 MEMORY ARRAY 


(294,912 BITS) 


INPUT 
REGISTER 


VRO01076 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 4. AC Testing Load Circuit 
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Table 6. Capacitance ) (Ta = 25 °C, f= 1 MHz) 


Test Condition 
Input Capacitance on allpins (exceptba) | Vw=ov_ | || 
Output Capacitance | vorsov | | 10 | 


Notes: 1. Sampled only, not 100% tested 
2. Outputs deselected 


Table 7. DC Characteristics (Ta = 0 to 70 °C, Vcc = 5V + 5%) 


Symbol Test Condition | Min _| 
| tr _| Input Leakage Current ovevnsVoo | | st 
| ho | Output Leakage Current OVsVoursVec | | tt | 


G= Vin, SO = Vin, Si= Vit, 
loc1 Supply Current All inputs = Vit = OV 
and Vin = 3V 


loce Supply Current (Standby) TTL SO = Vi, S1 = Vin 
) 


eos eee 
rear [smote [ocanitoweew | | me 
ee ee ee 


lu 

ILo 

(1) 

(2) 

loos ©) 

Vit Input Low Voltage V 

VoH Output High Voltage 


Notes: 1. Average AC current, Outputs open, cycling at tkuxH minimum 
2. All other Inputs at Vic < 0.8V or Vin = 2.2V 
3. All other Inputs at Vir < 0.2V or Vin => Vcc — 0.2V 
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Figure 5. General 128K Byte Cache Block Diagram 


CONTROL 


DEVICE OPERATIONS (cont'd) 


plex off-chip write pulse generation providing more 
flexibility for incoming signals. 


The ADV input controls subsequent burst data 
accesses after the first data of the burst cycle is 
processed. Each time ADV is asserted low for 
subsequent bursts at the rising edge of the clock 
input, the burst counter is advanced to the next 
burst address sequence. The address is advanced 
before the operation. Wait states can be inserted 
during burst cycles by holding the ADV pin high 
during positive clock transitions. Upon completion 
of the full internal burst count, the address will 
wrap-around to its initial base address. 
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GENERAL APPLICATION 


The M62486A is organized using the ninth bit as 
the parity bit to support byte parity. Since the i486 
processor provides on-board parity generation and 
checking, the ninth bit of the cache Burst SRAM 
can be passed to one of the DPO-DP3 pins of the 
microprocessor. Thus the M62486A provides an 
architecture for building a 32K x 32bit burstable 
data cache SRAM array, with byte parity, by using 
four devices in a 128K byte cache application. 
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Table 8. Read and Write Modes AC Characteristics Oe = 0 to 70°C, Vcc = 5V + 5%) 


pene 
fa Fe 


tk | |CycleTime = sd Time 


ee ae ee 
oo eee a 
reese [Socks womans | s[—[ es | 
Se a 
Clock au to Q Active (Low-Z) Lae ae | 
wer lonangeanez | |e |e | 
| tonoz | OutputDisabletoawighz | | 6 | | 8 

taVKH Address Set-up Time ed 
voswer [Across Satuesetuptme | 2 | | 2 | | 3 
nw mage [ad tel fst. inl e 
twwer | witemReed Setuptine | 2 | | 2 | 
ower [Adiess Advance Setuptine | 2 | | 2] |e | || 3 
| tsomnn | Chip Selecto (So) SetupTime | 2 | | 2 | | 3 | 


Chip Select 1 (S1) Set-up Time 


a 
» 


MO |} Ph 
hr} P 
OO |W 
ie) 


NO 
NO 
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NO 
NO 
wo 
© | 


MN 
Nn 


A 

a) 

i a 
2 


cht 
|. 
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tKHAX Address Hold Time 


Pevone [Adios Sats Tne [2 | 
ison [owaniostoe fe | pe | pe |p | 
owe [wiereestsetas fe | |e | pe | | 

F wc | Ohp Seloat0 (50) HoldTine [2 

tone [chinsaeats Sijnoatme | 2] [el] |2[ [=]. 


Notes: 1. C_ = 85pF (see Figure 4). 
2. Transition is measured + 500 mV from steady-stage voltage with C_ = 5pF (see Figure 4). This parameter is sampled and 
not 100 % tested 
3. This is a synchronous device requiring that all inputs must meet the specified set-up and hold times with stable logic levels for 
all rising edges of the clock input (K). 
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Figure 6. Non-Burst Read/Write 2-2 Cycles 
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Figure 7. Burst Read Cycle 
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Figure 8. Burst Write Cycle 
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Figure 9. Combined Burst Read/Write Cycle 
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Note: SO = High, S1 = Low. 
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ORDERING INFORMATION SCHEME 


Example: M62486A Q 12 TR 


|| Package | |__— Speed] |__Option 


Q PLCC44 11. 11ns at 66MHz TR Tape & Reel 
12  12ns at 66MHz mening 
14 14ns at 50MHz 


For a list of available options (Package, Speed, etc... ) refer to the Selector Guide in this Data Book or to 


the current Memory Shortform catalogue. 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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VERY FAST CMOS 32K x 9 CACHE BRAM 


ADVANCE DATA 


a 32K x 9 CMOS SYNCHRONOUS BURST SRAM 
FAST CYCLE TIME 15ns 

FAST ACCESS TIMES: 8, 9ns Max 
ON-BOARD BURST COUNTER 

INPUT REGISTERS (ADDR.,DATA,CTRL) 

# SELF-TIMED WRITE CYCLE 

THREE STATE COMMON I/O 

HIGH OUTPUT DRIVE CAPABILITY 
ASYNCHRONOUS OUTPUT ENABLE (G) 
BURST CONTROL INPUTS: ADSP, ADSC, ADV 


DUAL CHIP SELECTS for EASY DEPTH 
EXPANSION 


OUTPUT REGISTERS for PIPE-LINE READ Figure 1. Logic Diagram 
BURSTS 


PLCC44 (Q) 


DESCRIPTION 


The M62486R BRAM™ is a 288K (294,912 bit) 
CMOS Burst SRAM, organized as 32,768 words x 


Table 1. Signal Names 


Go| Outputenabie 
[Ground 


Ground 


Supply Voltage (DQ) 


GNDo Ground (DQ) 


if 


M62486R 


G) 


. 


GND GNDQ VA01244 


December 1993 : 1/12 


This ts advance information on a new product now in development or undergoing evaluation Details are subject to change without notice 
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Table 2. Absolute Maximum Ratings “) 


a Ambient Operating Temperature 0 to 70 


Input or Output Voltages —0.5 to 7 =a 
09 —— 


Notes: 1. Except for the rating "Operating Temperature Range" stresses above those listed in the Table "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Ratings conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. Up to a maximum operating Vcc of 5 5V only. 
3. One output at a time, not to exceed 1 second duration. 


Figure 2. LCC Pin Connections 


M62486R 


DESCRIPTION (cont'd) 


9 bits. It is fabricated using SGS-THOMSON’s low 
power, high performance, CMOS technology. The 
device integrates a 2-bit burst counter, input regis- 
ters, high output drive capability, and high speed 
synchronous SRAM onto a single chip. 
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The synchronous design provides precise control 
using an external clock (K) input. The M62486R is 
specifically adapted to provide a burstable, high 
performance secondary cache for the i486® micro- 
processor. The M62486R is available in a 44 lead 
Plastic Leaded Chip Carrier package (PLCC). The 
device provides multiple power and ground pins to 
reduce effects induced by output noise for high 
performance applications. Separate power and 
ground pins (Vcca and GNDa) have been em- 
ployed for DQ0-DQ8 to allow output levels refer- 
enced to 5V or 3.3V. For proper operation all GND 
and GNDg pin must be connected to ground. Vcc 
2 Vccq at all times including power-up. 


The main Burst SRAM power requires a single 5V 
+ 5% supply, and all inputs and outputs are TTL 
compatible. 


DEVICE OPERATIONS 


Addresses (A0-A14), data inputs (DQ0-DQ8), and 
control signals, with exception of Output Enable 
(G), are clock controlled inputs through non-invert- 
ing, pos-itive edge triggered registers. A cache 
burst address sequence can be initiated by either 
ADSP (Address Status Processor) or ADSC (Ad- 
dress Status Cache Controller) inputs, with sub- 
sequent burst addresses being internally 
generated by the Burst SRAM. The ADV input 
(burst address advance) provides control of the 
burst sequence, which imitates the i486 cache 
burst address sequence. Once a cache burst cycle 
begins, the subsequent burst address is generated 
internally each time the ADV input is asserted at 
the rising edge of the clock (K) input. 
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Table 3. Asynchronous Truth Table Table 4. Burst Count Sequence 


| Mode | | a Status 


Write?) Data In (High-Z) 
: 


Notes: 1. X = Don't Care. = 
2. For a cache write cycle following a read operation, G 
must be high before the input data required set-up time, 
and be held high through the input data hold time. 


Note: The burst count sequence wraps around to the initial 
address after a full count is completed 


Table 5. Synchronous Truth Table 


| so | si |aosP|apsc| abv | Ww | Kk | Address | Operation 
pu ft x fe ft x | x | x | t [wm | desetected 
eH ef kf kt we ___ eet 


ESERERE 
Geer Ge Dee [nnn 


Notes: 1. X = Don’t Care. 
2. All inputs except G require set-up and hold times to the rising edge (low to high transition) of the external clock (K). 
3. All read and write timings are referenced from Gork. 
4. Aread cycle is defined by Ww high or ADSP low for the required set-up and hold times. A write cycle is defined by Ww being 
asserted low for the set-up and hold times. 
5. Gis a don't care when W is registered lo\ low from the previous rising clock edge 


6. Chip Selects must be true (SO = high, S1 = low) at each rising of the clock while ADSP or ADSC is asserted for the device to 
remain enabled; Chip Selects are registered whenever ADSP or ADSC is asserted low at the rising edge of the clock. 


eee 
aa 
sl os 
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“[elele lf 
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Figure 3. Block Diagram 
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DEVICE OPERATIONS (cont'd) 


The burst counter operates in the same manner for 
either cache burst write or read cycles. The ADSP 
and the ADSC inputs contro! the start and the 
duration of the burst sequence respectively. Each 
time either address status input is asserted low, a 
new external base address is registered on the 
positive going edge of the clock (K). 


When ADSP is asserted low, any ongoing burst 
cycle is interrupted, and a read operation (inde- 
pendent of W and ADSC) is performed at the new 
registered external base address. Anew burst cycle 
is initiated each time ADSP is asserted. By assert- 
ing ADSC low, the present burst cycle (initiated by 
ADSP) is interrupted and an extended burst read 
or write (depending upon the logic state of W at the 
rising edge of K) is performed at the new registered 
base address. Chip selects (SO and S1) are only 
sampled when a new base address is loaded. 
Therefore, the chip selects are registered when 
either address status input is asserted low at the 
rising edge of the clock (K), and remain latched 
internally until the:next assertion of either ADSP or 
ADSC. The M62486R Truth Tables and timing dia- 
grams reference specific device operations. 


It should be noted that the M62486R allows a 
non-burst mode of operation where ADSP is the 
ADS# of the i486 processor in a 2-2 cycle mode of 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 4. AC Testing Load Circuit 
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Table 6. Capacitance ™ (Ta = 25 °C, f= 1 MHz) 


Notes: 1. Sampled only, not 100% tested 
2. Outputs deselected 


Table 7. DC Characteristics (Ta = 0 to 70 °C, Vcc =5V +5%) 


Symbol Test Condition | _ min | Max | Unit 
|u| Input Leakage Curent ovevnsvoo | fat | 
| ko | Output Leakage Current OsVorsveo | | et | ua 


G = Vn, SO = Vin, St = Vit, 
(1) Supply Current All inputs = Vi_ = OV 
and ive > 3V 


ae oo ae aA EO AS a 
Sd 
—-= 


Notes: 1. Average AC current, Outputs open, cycling at tkHkH minimum 
2. All other Inputs at Vic < 0.8V or Vin = 2.2V 
3. All other Inputs at Vir < O 2V or Vin = Vcc — 0.2V 
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Figure 5. General 128K Byte Cache Block Diagram 
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DEVICE OPERATIONS (cont'd) 


operation, and ADSC is held high during T2 (see 
Figure 5). However, the non-burst mode obviously 
negates the advantage of the internal burst counter 
for fast cache fill operations. In either mode (burst 
or non-burst), the write cycles are internally self- 
timed, and are initiated by the rising edge of the 
clock input. Self-timed write cycles eliminate com- 
plex off-chip write pulse generation providing more 
flexibility for incoming signals. 


The ADV input controls subsequent burst data 
accesses after the first data of the burst cycle is 
processed. Each time ADV is asserted low for 
subsequent bursts at the rising edge of the clock 
input, the burst counter is advanced to the next 


GLOBAL 
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burst address sequence. The address is advanced 
before the operation. Wait states can be inserted 
during burst cycles by holding the ADV pin high 
during positive clock transitions. Upon completion 
of the full internal burst count, the address will 
wrap-around to its initial base address. 


GENERAL APPLICATION 


The M62486R is organized using the ninth bit as 
the parity bit to support byte parity. Since the i486 
processor provides on-board parity generation and 
checking, the ninth bit of the cache Burst SRAM 
can be passed to one of the DPO-DP3 pins of the 
microprocessor. Thus the M62486R provides an 
architecture for building a 32K x 32bit burstable 
data cache SRAM array, with byte parity, by using 
four devices in a 128K byte cache application. 


6/12 
A BERGHE OS 


756 


M62486R 


Table 8. Read and Write Modes AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 5%) 


ae eee a 


Symbol Parameter 


rae es 

| ter [oycetime tts | ts fs TO 
Cie [oraaeeetee 
rg 

tar _[ClockLowPusewieth | 88 | | 8s | ons | 
| tcrav | OutputEnableaccesstime || | | | ons | 
woe ooccrigntooupttiotme | 2 | |e | |= [1 
[aos [owpsennenowntnene Tre | fo Pe Pe 
Clock High to Q Active (Low-Z) 
Clock High to Q High-Z 
Tw [acess sctuptine ——SsS—=~i |e | 
wssver [Adoss Staussetwptine «df 2 | | 2 | | = | 3 
rrr ee ee 
eg reer er a 
SS 

ts 
iovonr [Adie StaetssTine Side | te | 
a 
[tone | WiteReadHodtime | 2 | df 2 | | os | 
T wane [crinseeco(sonoatine | 2 || 2 | |= | 3 
| teisix | OhipSelect 1 SiyHolatime | 2 TL 2 | ns | 


Notes: 1. Ci = 85pF (see Figure 4). 
2. Transition is measured + 500 mV from steady-stage voltage with C. = 5pF (see Figure 4). This parameter is sampled and 
not 100 % tested. 
3. This is a synchronous device requiring that all inputs must meet the specified set-up and hold times with stable logic levels for 
all rising edges of the clock input (K). 
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Figure 6. Non-Burst Read/Write Cycles 
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Figure 7. Burst Read Cycle 
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Figure 8. Burst Write Cycle 
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Figure 9. Combined Burst Read/Write Cycle 
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ORDERING INFORMATION SCHEME 


Example: M62486R Q 8 TR 


| Package || | Speed | |__— Option 


Q PLCC44 8  8ns at 66MHz TR ‘Tape & Reel 
9 9ns at 66MHz meeting 


For a list of available options (Package, Speed, etc... ) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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MK62940 


VERY FAST CMOS 32K x 9 CACHE BRAM 


32K x 9 CMOS SYNCHRONOUS BURST SRAM 
a FAST CYCLE TIMES: 25, 30ns 

n FAST ACCESS TIMES: 19, 24ns Max 

= ON-BOARD BURST COUNTER 

= INPUT REGISTERS (ADDR.,DATA,CTRL) 

= SELF-TIMED WRITE CYCLE 

= THREE STATE COMMON I/O 

s ASYNCHRONOUS OUTPUT ENABLE (G) 

= BURST CONTROL INPUTS: TSP, TSC, BAA 


» DUAL CHIP SELECTS for EASY DEPTH 
EXPANSION 


DESCRIPTION 


The MK62940 BRAM™ is a 288K (294,912 bit) 
CMOS Burst SRAM, organized as 32,768 words x 
9 bits. It is fabricated using SGS-THOMSON’s low 
power, high performance, CMOS technology. The 
device integrates a 2-bit burst counter, input regis- 
ters, high output drive capability, and high speed 


Table 1. Signal Names 


Address Inputs 


Data Inputs / Outputs 


Write Enable 


Output Enable 


si 
TSP 
/RES Reserve, Tied High 

[Voc | Supply Voltage 
fend [Ground 


December 1993 


PLCC44 (Q) 


Figure 1. Logic Diagram 
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Table 2. Absolute Maximum Ratings ™ 


Ambient Operating Temperature 0 to 70 


V 


Notes: 1. Except for the rating "Operating Temperature Range" stresses above those listed in the Table “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Ratings conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. Up to a maximum operating Vcc of 5.5V only. 
3. One output at a time, not to exceed 1 second duration. 


Figure 2. LCC Pin Connections 
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DESCRIPTION (cont'd) 


synchronous SRAM onto a single chip. The synchro- 
nous design provides precise control using an exter- 
nal clock (K) input. The MK62940 is specifically 
adapted to provide a burstable, high performance 
secondary cache for the MC68040 microprocessor. 
The device is pin compatible and functional equiva- 
lent to the Motorola MCM62940, but employs a single 
power supply design. 
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The MK62940 its available in a 44 lead Plastic 
Leaded Chip Carrier package (PLCC). The device 
provides multiple power and ground pins to reduce 
effects induced by output noise for high perform- 
ance applications. 


The main Burst SRAM power (Vcc) requires a 
single 5V + 5% supply, and all inputs and outputs 
are TTL compatible. 


DEVICE OPERATION 


Addresses (A0-A14), data inputs (DQ0-DQ8), and 
control signals, with exception of Output Enable (G) 
are clock controlled inputs through non-inverting, 
positive edge triggered registers. A cache burst 
address sequence can be initiated by either TSP 
(Transfer Start Processor) or TSC (Transfer Start 
Cache Controller) inputs, with subsequent burst 
addresses being internally generated by the Burst 
SRAM. The BAA input (Burst Address Advance) 
provides control of the burst sequence, which imi- 
tates the required MC68040 cache burst address 
sequence. A cache burst cycle begins by loading 
the internal counter with the present values of A1 
and AO. Thereafter, subsequent burst addresses 
are generated internally. The burst counter oper- 
ates in the same manner for either cache burst 
write or read cycles. 


The TSP and the TSC inputs control the start of the 
burst sequence. When either TSx is asserted low 
at the rising edge of the clock, any ongoing burst 
cycle is interrupted and a new external base ad- 
dress is registered. Chip selects (SO and S1) are 
only sampled when anew base address is loaded. 


Therefore, the chip selects are registered when 
either transfer start input is asserted low at the 
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Table 3. Asynchronous Truth Table Figure 3. Burst Count Sequence 


| mode |G | a status 
| Read | | ata ut 
| Read | HK | High 
p Write |x| High: 
ee 


<x |< | Lo Le 


HighZ 
Note: 1. X = Don’t Care. - Note: The external values for Ai, AO are the starting point for the 
2. For a cache write cycle following a read operation, G burst sequence graph. The burst counter will internally 
must be high before the input data required set-up time, advance Ai and AO as shown. After the counter reaches 
and be held high through the input data hold time. a full count from the initial value, the address will wrap 
around. 


Table 4. Synchronous Truth Table 


Address 


| Address | Operation 
t 


pu fe] a EVER External Base Address ee Cycle - Extend 
urst 
Write Cycle - Continue 
L 


Reade Cycle - Continue 
Hold Current Burst Write Cycle - Suspend 
Hold Current Burst Read Cycle - Suspend 


Notes: 1. X = Don't Care. 
2. All inputs except G require set-up and hold times to the rising edge (low to high transition) of the external clock (K). 
3. All read and write timings are referenced from G or K. 


4. Aread cycle is defined by W high or TSP low for the required set-up and hold times. A write cycle 1s defined by W being asserted 
low for the set-up and hold times. 


5. Gis a don't care when W is registered low from the previous rising clock edge. 


6. Chip Selects must be true (SO = high, S1 = low)_at each rising of the clock while TSP or TSC Is asserted for the device to remain 
enable; Chip Selects are registered whenever TSP or TSC 1s asserted low at the ising edge of the clock. 


7. Chip Selects must be true (SO = high, Si= low) at each rising of the clock while TSP or TSC ts asserted for the the device to 
remain enabled; Chip Selects are registered whenever TSP or TSC ts asserted low at the rising edge of the clock. 


H 
H 
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Figure 4. Block Diagram 


ADDRESS 
REGISTER 


DEVICE OPERATIONS (cont'd) 


rising edge of the clock (K), and remain latched 
internally until the next assertion of either TSP or 
TSC. The MK62940 Truth Tables and timing dia- 
grams reference specific device operations. 


It should be noted that the MK62940 allows a 
non-burst mode of operation where TSP is the TS 
pin of the MC68040 processor in a typical 2 clock 
cycle mode of operation, and TSC is held high 
during C2 (see Figure 7). However, the non-burst 
mode obviously negates the advantage of the 
internal burst counter for fast cache fill operations. 
In either mode (burst or non-burst), the write cycles 
are internally self-timed, and are initiated by the 
rising edge of the clock input when W is low. 


The BAA input controls subsequent burst data 
accesses after the first data of the burst cycle is 
processed. Each time BAA is asserted low for 
subsequent bursts at the rising edge of the clock 
input, the burst counter is advanced to the next 
burst address sequence. The address is advanced 
from the rising edge of K. Wait states can be 
inserted during burst cycles by holding the BAApin 
high during positive clock transitions. Upon com- 
pletion of the full internal burst count, the address 
will wrap-around to its initial base address. 


32Kx9 MEMORY ARRAY 


(294,912 BITS) 


INPUT 
REGISTER 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 5. AC Testing Load Circuit 
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UNDER 
TEST 


C,; =85pF or SpF 


C, includes JIG capacitance 


VA01238 
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Table 5. Capacitance ™) (Ta = 25 °C, f= 1 MHz) 


Test Condition 


Input Capacitance on all pins (except DQ) 
Output Capacitance 


Notes: 1. Sampled only, not 100% tested 
2. Outputs deselected 


Table 6. DC Characteristics (Ta =0 to 70 °C, Vcc = 5V + 5%) 


Test Condition 
Input Leakage Current OV<Vin< Voc a ee 
Output Leakage Current OV < Vout $ Vcc a ee 


G=Vin, SO = Vin, $1 = Vit, 
All inputs = Vit = OV 
and Vin = 3V 


Output Low Voltage ee ee 
Output High Voltage 


Notes: 1. Average AC current, Outputs open, cycling at tkHxH Minimum 
2. All other Inputs at Vir < 0.8V or Vin = 2.2V 
3. All other Inputs at Vit < 0.2V or Vin = Vcc — 0.2V 
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Figure 6. General 128K Byte Cache Block Diagram 
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GENERAL APPLICATION 


The MK62940 ts organized as 32K x 9 bit words to 
support byte parity. By incorporating TAGRAM™ 
with a 15 bit tag field and a 15 bit index address, a 
cache address scheme of 30 bits is monitiored. The 
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MEMORY | 
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TAGRAM in addtion to the MK62940 provides an 
architecture for building a 32K x 32 bit burstable 
data cache SRAM array, with byte parity, by using 
four devices in a 128K byte cache application. 


STA SGS-THOMSON 


MICROELECTRONICS 


768 


MK62940 


Table 7. Read and Write Modes AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 5%) 


MK62940 


| tenn [cyietme || tc 
| twiav | Clock Accesstime | tt | t 
| twine | ClockHighPulsewieth | 9 | | tt | ns | 
| tus | ClockLowPulsewith | 98 | | tt | ns | 
| terav | OutputEnableAccesstime | | | || | t 
| twwioxe | Clock High to OutputHoldTime | 4 | ||| | 
| torr | ClockHigh toOutputactive | 4 | tT Ts | 
| tcrox | Output Enable to Outputactve | oT | | ts | 
twwaz | ClockHightoQHighz | | te | ts | 
| tonoz | Output Disable toQHighz | | || Ts | 
| tan [Address Setuptime | | | ts | 
tTSVKH Transfer Start Set-up Time 

tovees 
tswnvie 


tBAVKH Burst Address Advance Set-up Time 
tsovKH Chip Select 0 (SO) Set-up Time 


tsi 
tin 
| twwiox | DatainHoldTime | | | Ts 
ts ns 
| trioax | Burst Address AdvanceHoldtime | 2 | | 2 | ns 
[tex | Asynchronous Write (AW)HoldTime | 2 | | 2 | | ns | 
| twsisox | Chip Selecto(So)HoldTime | 2 | | 2 | Ts | 
| tiisix | Chip Select S1HodTme | 2 | | 2 Fs | 


Notes: 1. Ci = 85pF (see Figure 5). 
2. Transition is measured + 500 mV from steady-stage voltage with C_ = 5pF (see Figure 5). This parameter is sampled and 
not 100 % tested. 
3. This is synchronous device requiring that all inputs must meet the specified set-up and hold times with stable logic levels for all 
rising edges of the clock input (K) 
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Figure 7. Typical Non-Burst Read/Write Cycles 
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Figure 8. Burst Read Cycle 
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Figure 9. Burst Write Cycle 
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Figure 10. Combined Burst Read/Write Cycle 
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ORDERING INFORMATION SCHEME 


Example: MK62940 Q 19 TR 


| Package | | Speed | |__—Option 


Q PLOC44 19 19ns at 40MHz TR Tape & Reel 
24 24ns at 33MHz Packing 


For a list of available options (Package, Speed, etc... ) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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VERY FAST CMOS 32K x 9 CACHE BRAM 


ADVANCE DATA 


= 32K x9 CMOS SYNCHRONOUS BURST SRAM 
a FAST CYCLE TIMES: 15, 20ns 

» FAST ACCESS TIMES: 11, 12, 14ns Max 

= ON-BOARD BURST COUNTER 

z INPUT REGISTERS (ADDR.,DATA,CTRL) 

» SELF-TIMED WRITE CYCLE 

= THREE STATE COMMON I/O 

= HIGH OUTPUT DRIVE CAPABILITY 

= ASYNCHRONOUS OUTPUT ENABLE (G) 

= BURST CONTROL INPUTS: TSP, TSC, BAA 


=» DUAL CHIP SELECTS for EASY DEPTH 
EXPANSION 


DESCRIPTION 


The M62940A BRAM™ is a 288K (294,912 bit) 
CMOS Burst SRAM, organized as 32,768 words x 
9 bits. It is fabricated using SGS-THOMSON’s low 
power, high performance, CMOS technology. 


Table 1. Signal Names 


Address Inputs 


Data Inputs / Outputs 


So 
Si 
TSP 
TSC 
BAA 


Supply Voltage (DQ) 


Ground (DQ) 
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[so 
St 


Write Enable : 
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if; Leg | uv 
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be 


PLCC44 (Q) 


Figure 1. Logic Diagram 
VEC: VECO 


MPS DQO-DA8 


M62940A 


GND GNDQ 


VA01246 


1/12 


This is advance information on a new product now in development or undergoing evaluation Details are subject to change without notice 
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Table 2. Absolute Maximum Ratings ™ 


[tl aren OpoaineTerpome doe de 
a 
Two | nputoroupat tages ———SSSS*dese 
a 
a an ae eee wae 


Notes: 1. Except for the rating "Operating Temperature Range" stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Ratings conditions for extended periods may affect device reliability Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents 
2. Up to a maximum operating Vcc of 5.5V only. 
3. One output at a time, not to exceed 1 second duration. 


Figure 2. LCC Pin Connections 


M62940A 


DESCRIPTION (cont'd) 


The device integrates a 2-bit burst counter, input 
registers, high output drive capability, and high 
speed synchronous SRAM onto a single chip. The 
synchronous design provides precise control using 
an external clock (K) input. The M62940A is specifi- 
cally adapted to provide a burstable, high perform- 
ance secondary cache for the MC68040 
microprocessor. 
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The device is pin compatible and functional equiva- 
lent to the Motorola MCM62940. The M62940A is 
available in a 44 lead Plastic Leaded Chip Carrier 
package (PLCC). 


The device provides multiple power and ground 
pins to reduce effects induced by output noise for 
high performance applications. Separate power 
and ground pins (Vccaq and GNDaq) have been 
employed for DQ0-DQ8 to allow output levels ref- 
erenced to 5V or 3.3V. For proper operation all 
GND and GNDoa pin must be connected to ground. 
Vcc = Vcca at all times including power-up. The 
main Burst SRAM power requires a single 5V+5% 
supply, and all inputs and outputs are TTL compat- 
ible. 


DEVICE OPERATION 


Addresses (A0-A14), data inputs (DQ0-DQ8), and 
control signals, with exception of Output Enable (G) 
are clock controlled inputs through non-inverting, 
positive edge triggered registers. A cache burst 
address sequence can be initiated by either TSP 
(Transfer Start Processor) or TSC (Transfer Start 
Cache Controller) inputs, with subsequent burst 
addresses being internally generated by the Burst 
SRAM. 


The BAA input (Burst Address Advance) provides 
control of the burst sequence, which imitates the 
required MC68040 cache burst address se- 
quence. Acache burst cycle begins by loading the 
internal counter with the present values of A1 and 
AO. Thereafter, subsequent burst addresses are 
generated internally. The burst counter operates 
in the same manner for either cache burst write or 
read cycles. 
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Table 3. Asynchronous Truth Table Figure 3. Burst Count Sequence 


Note: 1. X= Don't Care. —™ Note: The external values for A1, AO are the starting point for the 
2. For a cache write cycle following a read operation, G burst sequence graph. The burst counter will internally 
must be high before the input data required set-up time, advance A1 and AO as shown After the counter reaches 
and be held high through the input data hold time. a full count from the inital value, the address will wrap 
around. 


Table 4. Synchronous Truth Table 


SOS Ae Ak at ee 2 eee ee 
Pea Pe a no 
I es es A ie 1 a) ee ce ees oe 


Pepe tebe pes | owen [Bm 


Notes: 1. X = Don’t Care. 
2. All inputs except G require set-up and hold times to the rising edge (low to high transition) of the external clock (K). 
3. All read and write timings are referenced from G or K. 


4. Aread cycle is defined by W high or TSP low for the required set-up and hold times. A write cycle is defined by W being asserted 
low for the set-up and hold times. 


5. Gis a don’t care when Ws registered low from the previous rising clock edge. 


6. Chip Selects must be true (SO = high, S1 = low)_at each rising of the clock while TSP or TSC is asserted for the device to remain 
enable; Chip Selects are registered whenever TSP or TSC ts asserted low at the rising edge of the clock. 


7. Chip Selects must be true (SO = high, S1 = low) at each rising of the clock while TSP or TSC Is asserted for the the device to 
remain enabled; Chip Selects are registered whenever TSP or TSC ts asserted low at the rising edge of the clock. 
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Figure 4. Block Diagram 
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DEVICE OPERATIONS (cont'd) 


The TSP and the TSC inputs control the start of the 
burst sequence. When either TSx is asserted low 
at the rising edge of the clock, any ongoing burst 
cycle is interrupted and a new external base ad- 
dress is registered. Chip selects (SO and S1) are 
only sampled when anew base address is loaded. 


Therefore, the chip selects are registered when 
either transfer start input is asserted low at the 
rising edge of the clock (K), and remain latched 
internally until the next assertion of either TSP or 
TSC. The M62940A Truth Tables and timing dia- 
grams reference specific device operations. 


It should be noted that the M62940A allows a 
non-burst mode of operation where TSP is the TS 
pin of the MC68040 processor in a typical 2 clock 
cycle mode of operation, and TSC is held high 
during C2 (see Figure 7). However, the non-burst 
mode obviously negates the advantage of the 
internal burst counter for fast cache fill operations. 
In either mode (burst or non-burst), the write cycles 
are internally self-timed, and are initiated by the 
rising edge of the clock input when W is low. 


The BAA input controls subsequent burst data 
accesses after the first data of the burst cycle is 
processed. Each time BAA is asserted low for 
subsequent bursts at the rising edge of the clock 


32Kx9 MEMORY ARRAY 


(294,912 BITS) 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 5. AC Testing Load Circuit 
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Table 5. Capacitance ™ (Ta = 25 °C, f = 1 MHz) 


Test Condition | win | Max 
Input Se al on all pins (except DQ) ee 


Notes: 1. Sampled only, not 100% tested 
2. Outputs deselected 


Table 6. DC Characteristics (Ta =0 to 70 °C, Vcc = 5V + 5%) 


Symbol Test Condition ef fu 
| tr __| Input Leakage Current VE cee EE 
| to | Output Leakage Current OV  Vour < Veo a 


G = Vin, SO = Vin, $1 = Vit, 
loc1 Supply Current All inputs = Vi_ = OV 180 mA 
and Vip = 3V 


Supply Current ( nae TTL SO = Vit, $1 = Vin 


Se OE eo i ee 
NC 
fospetonvenge [esas oe fv 
Pa eee) 


Notes: 1. Average AC current, Outputs open, cycling at tkHkH minimum 
2. All other Inputs at Vit < 0.8V or Vin > 2.2V 
3. All other Inputs at Vir < 0.2V or Vin > Veco — 0 2V 
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Figure 6. General 128K Byte Cache Biock Diagram 
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DEVICE OPERATIONS (cont'd) 


input, the burst counter is advanced to the next 
burst address sequence. The address is advanced 
from the rising edge of K. Wait states can be 
inserted during burst cycles by holding the BAApin 
high during positive clock transitions. Upon com- 
pletion of the full internal burst count, the address 
will wrap-around to its initial base address. 


PARITY | 
GEN./ CHK 
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GENERAL APPLICATION 


The M62940A is organized as 32K x 9 bit words to 
support byte parity. By incorporating TAGRAM™ 
with a 15 bit tag field and a 15 bit index address, a 
cache address scheme of 30 bits is monitiored. The 
TAGRAM in addtion to the M62940A provides an 
architecture for building a 32K x 32 bit burstable 
data cache SRAM array, with byte parity, by using 
four devices in a 128K byte cache application. 
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Table 7. Read and Write Modes AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 5%) 


M62940A 


tkuav | Clock AccessTime | 
tL 
tKLKH Clock Low Pulse Width 
texav 
txnoxe 
lenox 
tat Ae ae 
| twoz | ClockHightoQHighz || | 
| tcnoz | OutputDisabletoQhignz | | 6 | | 6 | | 6 | ns | 2 | 
| ton | Address SetupTime ss | 2 | | 2 | Ut 3 | ns 
| trsvin_| Transfer StartSetupTime | 2 | | 2 | | 3 | | ns 
| tower | Datainsetuptime | 2 | | 2 | | 3 | fl os | 8 | 
poe Soh 2 mee 
[teaver | BurstAddress Advance Setuptime | 2 | | 2 | | 3 | | ns | 3 | 
| tows | Chip Select 0(S0) SetupTime | 2 | | 2 {| [3 | | ns {3 | 
Chip Select 1 (S1) Set-up Time w ns a 


Cycle Time 


ye) 


a 
n 
aa 


Ww 


Notes: 1. C. = 85pF (see Figure 5). 
2. Transition is measured + 500 mV from steady-stage voltage with CL = 5pF (see Figure 5) This parameter ts sampled and 
not 100 % tested. 
3. This is synchronous device requiring that all inputs must meet the specified set-up and hold times with stable logic levels for all 
rising edges of the clock input (K). 
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Figure 7. Typical Non-Burst Read/Write Cycles 
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Figure 8. Burst Read Cycle 
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Begin Burst Next Burst 
tie tKHKL -- -~ ---- —---~ tKLKH 


£ E = mies Babs Le 

‘ / 

/ ! / : 
\ / Is 


tTSVKH ~—--—--- —-- tKHTSX 
es ‘ : 


tS1VKH -— --- --- tKHS1X 


St ) a | 

(SO=VIH) a 
tBAVKH -—- ----—- t KHBAX 
ee eS 


tKHQZ -- 
Suspend Burst 


- ~ - tKHQX2 


Data OU See ree SN et eet de Nosy Me rae tye, Ne Se “aut? 
( 0 (A1) (A2) (A2) (A2) (A2) 


BRAMBR29 
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Figure 9. Burst Write Cycle 


C1 C4 C6 C7 C9 
Begin Burst Extend Burst Suspend Burst Extend Burst 


tTSVKH --——-------- tKHTSX 


\ 
Ae: 


> tKHAX 


tSOVKH --- - -— tKHSOX 


tBAVKH -- - --- tKHBAX 
, eat \ : , 


/ \ f 
Ne hee el ie) ee eaey eee 


tDVKH -- 

7 : oy D2 vy V D3 Vv V D4 ‘voy D1 
(Data IN) vst : \_- - ah PN. PRS COLOR PRS LPNS Pe ES 
(Al) (A2) (A2) (A2) (A2) (A3) 
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Figure 10. Combined Burst Read/Write Cycle 


C1 C4 C5 C6 
Begin Burst Suspend Burst Continue Burst 


tKHKL - : - tKLKH 


tBAVKH - " .  tKHBAX 


\ ‘\ , 
tDVKH_ - - tKHDX 


f 


tGHQZ - - - tGHQZ - address wrap around 
Qi ms ' Q3 D1 Qt 
(A1) | (A1) (A1) (A1) 
BWRK940 


Note: SO = High, S1 = Low. 


11/12 
ky7 S&S-THOMSON — =... 


M62940A 


ORDERING INFORMATION SCHEME 


Example: M62940A Q 12 TR 


| Package | | Speed | |__ Option 


Q PLCC44 11. 11ns at 66MHz TR Tape & Reel 
12 12ns at 66MHz Packing 
14. 14ns at 50MHz 


For a list of available options (Package, Speed, etc... ) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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{ SGS-THOMSON STCM128 
IF, WICROELECTRONICS  STCM256 


128K/256K BYTE L2 CACHE RAM MODULE WITH TAG 


PRODUCT CONCEPT 


= 128K BYTE and 256K BYTE LEVEL-2 i486 
CACHE MODULES 


a SUPPORTS BURST CACHE LINE FILLS; 
FAST ACCESS TIME 15ns, TAG ACCESS 
12ns 


= CONFIGURED as 128K DIRECT MAPPED 
WITH 8K x 8 SRAM (TAG) or 256K TWO WAY 
SET ASSOCIATIVE with 16K x 8 SRAM (TAG) 


» INCLUDES SOCKET for X1 SRAM (DIRTY 
BIT) 


a» SINGLE SUPPLY VOLTAGE: 5V +10% 
# ALL I/O TTL COMPATIBLE 


a MULTIPLE Vcc and Vss PINS for MAXIMUM 
NOISE IMMUNITY 


B HIGH QUALITY FR4 MULTI LAYER PCB 


DESCRIPTION 


The STCM128 and STCM256 are L2 Cache modules designed to work with the i486® processor. Both are 
constructed from high grade FR4 Laminate material and feature multiple power and ground pins as well 
as separate power and ground planes. All inputs and outputs are TTL compatible, and operate from a single 
5V +10% supply. 

The modules are designed to offer 15ns data access times and 12ns Tag access to support burst cache 
line fills to the i486 microprocessor for fast clock rates up to 50MHz. 


To minimize processor address hold time, all addresses are latched as controlled by an independent latch 
control signal. The design incorporates enough tag field for a valid bit and provision for a dirty bit to support 
copy back cache updates. 
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Table 1. Pin Description Overview 


ee 
a 
even [1 | tow [eaten trie 
Oe 
a 
Teen | 

ae 

ae 


LCS# Lower Bank Cache Select 


Upper Bank Cache Select (256K only) 
a 
a 
Toe [| toe tonne 
Fs 
a 


BA2 - BA3 Burst Address Inputs, Bank A 
BB2 - BB3 Burst Address Inputs, Bank B (256K only) 


Cache Sram Data Lines: DO - D31 


Dirty Bit Input 


Dirty Bit Output 


Tag Data Inputs / Outputs 
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Figure 1. STCM128 Block Diagram 


128K BYTE CACHE MODULE 


ADDRESS 


CONTROL 
SIGNALS 


DIRTY BIT 
DIRTY BIT OUT 


IN 


TAG DATA 


VA01193 
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Figure 2. STCM256 Block Diagram 


256K BYTE CACHE MODULE 


ADDRESS 


CONTROL 
SIGNALS 


> TAG DATA 


VA01192 
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| FIFO MEMORIES 
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MK4505M 
MK4505S 


VERY FAST CMOS 1K x 5 CLOCKED FIFO 


a FIRST-IN-FIRST-OUT MEMORY BASED 
ARCHITECTURE 
1024 x 5 ORGANIZATION 


RISING EDGE TRIGGERED CLOCK INPUTS. - 


SUPPORTS FREE-RUNNING 40% TO 60% 
DUTY CYCLE CLOCK INPUTS a 

s SEPARATE READ AND WRITE ENABLE IN- 
PUTS : 

» BIPPORT RAM ARCHITECTURE ALLOWS 
FULLY ASYNCHRONOUS AND SIMULTA- 
NEOUS READ/WRITE OPERATION. 

n CASCADABLE TO ANY DEPTH WITH NO AD- 
DITIONAL LOGIC 

se WIDTH EXPANDABLE TO MORE THAN 40 
BITS WITH NO ADDITIONAL LOGIC 

n HALF FULL STATUS FLAG 

s FULL AND EMPTY FLAGS, ALMOST FULL, AL- 
MOST EMPTY,--INPUT- READY,..OUTPUT 
VALID STATUS FLAGS (4505M) 


DESCRIPTION 


The MK4505 is a Very High Speed 1K x 5 Clocked 
FIFO memory. It achieves its high performance 
through the use of a pipelined architecture, a 1.2p full 
CMOS, single poly, double level metal process, and 
a memory array constructed using SGS- 
THOMSON’s 8 transistor BIPORT™ memory cell. 


The device is designed for use in applications where 
data is moving through a system on a square wave 
clock ; applications such as digitized video and 


audio, image processing, A-to-D and D-to-A conver- 
sions, high speed data links, Radar return sampling 


or data tracing. 


PIN NAMES ‘ 


DO - D4 Data Inputs 
Write and Read Clock 


February 1992 


20 


1 


PSDIP20  (N) 


1 


PSDIP24 (N) 


Figure 1. Pin Connections. 


g 
10 


oOo ON DO FF W.N 


MK4505M 


VA00613 


Voc 


-CKW 


WE 1 
FE 
DR 
HF 
AF 
Q4 
QS 
Q2 
Q1 
QO 


Nee 
CKW . 
WE1 
WE2 
HF 

Q4 

Q3 

Q2 

QI 

QO 
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Figure 2 . Block Diagram. 


INPUT] OUTPUT 
WRITE BUFFER| BUFFER READ 
ADDRE ADDRESS 
WE, a 1K x 5 
—_—> PRINTER BIPORT ARRAY . PRINTER 
(4505S) (4505S) 


DESCRIPTION (Continued) 4505M only 

The device is available in two versions; a Master, the FF,EF Full and Empty Flags (active low) 
MK4505M, and a Slave, the MK4505S. The Master AF,AE Almost, Full, Almost Empty Flags 
provides all of the contro! signals necessary for re- DR,QV Input Ready, Output Valid 


liable, full speed, fully asynchronous width expan- 

sion and/or depth expansion. The Master also 4505S only 
provides a full compliment of status flags, including 
Output Valid, Empty, Almost Empty, Half Full, Al- Write Enable Input2 

most Full, Full, and Input Ready. The Master cannot Read Enable Input 2 (rising edge 
be written while Full or read while Empty. The Slave, triggered 3 state control) 

in contrast, can be forced to write and/or read con- 

tinuously regardless of device status ; a feature use- 

ful in triggered data acquisitions, or for retransmit 

(repeat reading) applications. 
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ASBOLUTE MAXIMUM RATINGS 


Voltage on any Pin Relative to Ground -— 1.0 to 70 
Ambient Operating Temperature 0 to 70 


Ambient Storage Temperature (plastic) — 55 to 125 
Total Device Power Dissipation 
lout Output Current per Pin 


Note : Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device at these or other conditions beyond those indicated in the 
operational section of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods of time may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS (0°C <Ta <+70°C) 


| Veco __| Supply voltage 


GND Ground 


Vin Logic 1 input 
Logic 0 input 


Note : 1. All voltages referenced to GND. 


DC ELECTRICAL CHARACTERISTICS (0°C< Ta < +70°C; Voc =5V £10%) 


Symbol Parameter 


Average Power Supply 
Current 


Symbol 


li Input Leakage Current 
Io Output Leakage Current 


| OutputLeakage Current WA 
| Vou | Logic 1 Output Voltage (lour=-4ma) | 2 | TT 
| Vor | Logic Output Voltage (lour=8ma) | | tt | 


Notes : 1. Measured with both ports operating at tcx Min, 50% duty cycle, outputs open, Vcc max. Typical values reflect tck Min, outputs 
open, with Vcc = 5V, 25°C, with 50% duty cycle. 

. Measured with V = OV to Vcc. 

. Measured at Q0 — Q4, with QV = Low (4505M) ; after clocking with RE2 = Low (4505S). 

. All voltages referenced to GND. 


&WM 


CAPACITANCE (Ta =25°C, f =1.0MHz) 


Symbol Parameter 


| Gi__| InputCapacitance | | 


ae ee ee eee 
oe. ae ee 
| Coe | OutputCapacitance | te | | tr 


Notes : 1. Sampled, not 100% tested. Measured at 1MHz._ 
2. Measured at all data and flag outputs except EF and FF. 
3. Measured at EF and FF. 
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AC TEST CONDITIONS 


Input Levels 


Transition Times 
Input and Output Timing Reference Levels 


Ambient Temperature 
Vcc 


Figure 3. Output Load Circuits. 


DEVICE 
UNDER 
TEST 


Note :* Includes scope and test fixture. 


READ AND HOLD OPERATIONS 


The device will perform a Read on the next rising 
edge of the Read Clock (CKR) whenever (see Fig- 
ure 4): 


- (4505S) RE1 and RE2 are high at the rising 
edge of the clock. 


. (4505M) RE1 and EF are high at the rising 
edge of the clock. 


Because the device only re-evaluates and updates 
the Empty Flag (EF) on the rising edge of CKR, the 
appearance of an active Empty Flag at valid flag ac- 
cess time, tF1a, assures the user thai the next rising 
edge of CKR will generate an inhibit condition. All Q 
outputs will be High Z at taz from the rising edge of 
CKR. EF is latched between subsequent read 
clocks. 


The device will perform a Hold Cycle (hold over pre- 
vious data) if RE1 is low at the rising edge of the 
clock (CKR). If EF (4505M) or RE2 (4505S) is low 
at the rising edge of the clock, then the outputs will 
go to High-Z. 


DEVICE 


UNDER 
TEST 


VR000401 


WRITE OPERATIONS 


The device will perform a Write on the next rising 
edge of the Write Clock (CKW) whenever (see Fig- 
ure 5): 


. (4505S) WE1 and WE2 are high at the rising 
edge of the clock. 


_ (4505M) WE? and FF are high at the rising 
edge of the clock. 


Because the device only re-evaluates and updates 
the Full Flag (FF) on the rising edge of CKW, the ap- 
pearance of an active Full Flag at valid flag access 
time, tF1a, assures the user that the next rising edge 
of CKW will generate a No-Op condition. FF is 
latched between subsequent write clocks. 
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MK4505M (Master) WRITE TRUTH TABLE 


cKW 
a a Te 
0 
1 
1 
1 
1 


Don’t Care 
Don't Care 
Don’t Care 
Don’t Care 
Data in 


? = Device Status is referenced to the “next state” logic conditions. 
The “next state” flag logic level is unknown due to the possible occurence of a read operation. 


MK4505M (Master) READ TRUTH TABLE 


Reset 


Inhibit 

Hold Previous Q 
Inhibit Hi Z 

Read f Data Out 


? = Device Status is referenced to the “next state” flag logic and Qout conditions. 
The “next state” flag logic level is unknown due to the possible occurrence of a write operation. 


MK4505S (Slave) WRITE TRUTH TABLE 


Present State 
| RS | WEI 
0 Don’t Care 
1 Don’t Care 
1 Don’t Care 
1 Don't Care 
1 Data in 


Reset 

Inhibit 

Hold Previous Q 
Inhibit Hi Z 

Read Data Out 
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RESET 


RS is an asynchronous master reset input. A Reset 
is required after power-up, before first write. Reset 
commences on the falling edge of RS irrespective 
of the state of any other input or output. The user is 
required to observe Reset Set Up Time (trss) only 
if the device is enabled (see Figure 7). The tass Spe- 


abled (WE1 = RE1 = LOW). All status flag outputs 
will be valid trsa from the falling edge of RS, and all 
Q data outputs will be high impedance trsaz from 
the same falling edge. 


After Reset, if no valid Read operations have been 
performed since Reset, the “previous data” that will 
be output when executing the first Hold cycle will be 


cification is a don’t care if the device remains dis- all zeros (see Figure 8). 


AC ELECTRICAL CHARACTERISTICS (Ta =0°C to 70°C, Vcc = 5V +10%) 


ie |e Mn | 
lean ax | na 


|_tox __| Clock cycleTime | 25 | | op | | so | ls | 
el a es oe eee SS aoe 
| tom | ClockLowTime | to | tt | | 20 | ns | | 


ts Set Up Time Fea (ee 
ty Hold Time Fae Ses a ee 


| ta | Output (Q) AccessTime | | 15 | | 20 | | 5 | ons | 1,2 | 
tea ___|_Flag 1 Access Time ” a ee ae ae ees 
| trea | Flag2AccessTime® ss | | 20 | | 25 | | 30 |_| 1,2 | 
eee a ee 
| toz___ | ClocktoOutputsHighZ | | 5 | | 20 || 25 ons | 8 
| to | Clock to OutputsLowz | 5 | | sl || 5 || | 4,83 | 


ieee = essa sti Peet i ee 
Reset Pulse Width ee ae ee ee ee ee ee 


[tesa ResetFiag AccessTime |_| so | [6 | | 100 | ns [na 
| trsaz _| ResettoOutputsHighZ | S| 25 | | 33 | 50 '| ons | 4,93 | 


tent First Read Latency ps0 | | 6 | | io] | ns [15 | 
First Flag Cycle Latency ee ee ee ee a 
Notes: 1. All AC Electrical Characteristics measured under conditions specified in “AC Test Conditions”. 
2. Measured w/40pf Output Load (Figure 3A) 
3. Measured w/5pf Output Load (Figure 3B). 
4. Need not be met unless device is Read and/or Write Enabled. 
5. Minimum first Write to first Read delay required to assure valid first Read. 
6. Minimum first Write to first Read Clock delay required to assure clearing the Empty Flag. 
7. Flag 1 = EF, FF, QV, DR. 
8. Flag 2 = AE, AF, HF. 
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Figure 4. Read Cycle Timing. 


CW Sz TELE. | WS 


MLL ia i\“~ 

"eZ | CLL. cml Sie LLL: 
'e, SS Yt WG 
» Yiu, KEN ay 


PREVIOUS Q 


Note sts ae s particular as oe am the EF chan nges logic states presuming that a valid WRITE operation has occured prior to the 
edge of CK 


Figure 5. Write Cycle Timing. 


QW 


(4505M) 
WE, 


MME. —. Tw 3WSNS 
we LLL —- 


CILLK woe 


Note pa this particular dia Br am the FF changes logic states presuming that a valid READ operation has occured prior to the 
ing edge of CKW at ts. 
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Figure 6 . Hold Cycle Timing. 


vR000404 


Note :EF = HIGH (master) 
RE2 = HIGH (slave) 


Figure 7. Reset Cycle Timing. 


VALID DATA IN VALID DATA IN 


pan a 


LILLIA WW 


t 
ton F 


th te Rsaz 


OH 
SKS 


Note : tass must be met if the device is read AND/OR write enabled (WE1, RE1 = High). 
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Figure 8. First Hold After Reset. 


t t 
1 JNHIBIT 2 INHIBIT FIRST HOLD READ 
AFTER RESET 


a tc a tec tee 


CX KK KKK KKK 
SSK 


EF (4505M) 
OR 
RE. (4505S) 


Note : A valid write operation is presumed between t: and te. 


Figure 9. Almost Empty Flag Timing (4505M only). 


LAST READ BEFORE 
AE 


FIRST WRITE WRITE 
SINCE_AE 


VR900407 


Note : 1. This example does not show the hysterisis in the ALMOST FLAGS. 
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Figure 10. Almost Full, Half Full Flag Timing. 


LAST WRITE BEFORE HF OR AF 


: att, Dat) DATA IN 
t ——> 
8 
a4 
t 


8 


RE, (MASTER) 
RE, (SLAVE) 
git a FIRST READ SINCE 

| HF OR AF 


FIRST READ SINCE 
HOLD PREVIOUS Q ( } HE OR AF 


VRO00408 


Notes : 1. Q outputs in Master/Slave Width Expansion (RE2 = EF), or when using MK4505S Slave separately. 
2. Q outputs in Master-to-Master Depth Expansion (RE1 with EF = HIGH), or when using the MK4505M separately. 
3. This example does not show the hysterisis in the ALMOST FLAGS. 


Gating Gating Flag Flag Read Locations Write Locations 
Clock Operation Affected Transition Remaining to Empty Available to Full 


a 
a 
“ 
“ 
a 
a 
“a 
“e 
a 
al 
“ 
“ 


Notes : *. Flag definition to the respective operation and clock. 

1. Allexamples are given in reference to the flag transition point, in the direction shown, for the given clock edge and operation. 
The flag remains stable as long as the condition that set or cleared the flag exists in the device. 

2. The table describes the number of the cycles that can be performed, including the next rising edge. 

3. Remaining Read or Available Write locations at the flag transition point reflects the hysterisis inherent to the internal scheme 
that detects the flag status. 

4. Asynchronous or simultaneous dual port operations at the flag transition point may result in a false flag status. When this 
occurs, the flag is evaluated and updated on the subsequent clock. 
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Figure 11. Simultaneous Write/Read Timing (4505M only). 


t, kK 
WE, 
wire A XX KX X X_) 
WRITE A 
t. 


CKw 


VR000409 


wineX XA XX) 
WRITE 
t, 


CKw 


VR000410 
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SIMULTANEOUS WRITE/READ TIMING 


The Empty Flag (EF) is guaranteed to clear (go 
HIGH) in response to the first rising edge of the read 
clock (CKR) to occur tre. (First Flag Latency) after 
a valid First Write (from the rising edge of CKW). 
Reac clocks occurring less than tre. after a First 
Write may clear the EF, but are not guaranteed (see 
Figure 10). As always, reads attempted in conjunc- 
tion with an active Empty Flag are inhibited. There- 
fore, the next rising edge of CKR following tre will 
produce the first valid read. This is the trrat (First 
Read Latency) pa-rameter, and must be observed 
for proper system operation with the latched EF. 
Coming from an empty condition, the First Read op- 
eration should be accomplished by enabling RE1 no 
less than ts before the rising edge of CKR at trr-. 
The Q outputs will present valid data ta from the ris- 
ing edge of CKR. 


When using the MK4505S (Slave) separately, the 
user must observe the tert (First Read Latency) 
parameter to ensure first-write-to-first-read valid 
data. Referring to Figure 12, the first rising edge of 
CKR to occur tert after a First Write clock will guar- 
antee valid data ta from the rising edge of CKR. 
Read operations attempted before tra is satisfied 
may result in reading RAM locations not yet written. 
Careful observance of tra. by the user is a must 
when using free running asynchronous read/write 
clocks on the MK4505S ; there is no automatic read 
and write protection circuitry in the Slave. 


It should also be noted that the MK4505M/S has an 
expected “fall-through delay time” described as First 
Write data presented to the FIFO and clocked out to 
the outside world. This can be calculated as : 


Before Read Clock 


ts + t—eRL + ta (from Figure 11 or 12). Further occur- 
ring valid read clocks will present data to the Q out- 
puts ta from the rising edge of CKR. 


WIDTH AND DEPTH EXPANSION 


A single Master (MK4505M) ts required for each 1K 
of depth configured. The number of Slaves that can 
be driven by a single Master is limited only by the ef- 
fects of adding extra load capacitance (Write and 
Read Enable Input Capacitance) onto the Input 
Ready (DR), Output Valid (QV), Full Flag (FF) and 
Empty Flag (EF) outputs. However, even 40 bits of 
width (8 devices) results in only 40pf of loading, 
which corresponds to the amount of load called out 
in the AC Test Conditions. Additional loading will 
slow the flags down, but as long as Enable Set Up 
time (ts) is met, slowing the flags has no negative 
consequences. 


DEPTH EXPANSION HANDSHAKE PROTO- 
COL 


The depth expansion handshake device connec- 
tions are shown in Figure 13. The expansion inter- 
face signals can be considered transparent to the 
user, as long as the expansion clock continues to 
run. The Output Ready (QV) flag, and the Data 
Ready (DR) flag logic descriptions are detailed inthe 
following charts. Since the expansion clock is the 
read clock for the sending FIFO, as well as the write 
clock for the receiving FIFO, these two signals pre- 
vent data loss during depth expansion applications 
where the receiving bank (bank B, Figure 13) goes 
full simultaneously as the sending bank goes empty 
(bank A, Figure 13). 


Operation at CKR After Read Clock 
RE Reads Remaining | Qv | Status 


Inhibit Empty 
Active 
Empty 


Active 


Read 


0 
Hold 0 
; 
Read 1 


Notes : 1. Whenever EF is active low, further attempted read cycles are inhibited. 
2. QV is gated by RE1 such that the QV flag will be latched low tr:a from the nsing edge of CKR when RE1 is low. The RE1 
input must meet the set-up time (ts) prior to the read clock edge. QV does not logically allow or prevent a read operation. 
3. Whenever RE1 ts active high, QV will always follows the EF signal by one read clock cycle. 
4. This condition displays a typical read operation when remaining memory locations (prior to the read operation) are from 2 
to 1024. EF and QV continue to acknowledge that the FIFO has more data available. 
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efore Write Clock Operation at CKW After Write Clock 
[on Write Available | DR | Status 


Full 
Full-1 
Full-1 

Full 

Active 
Full-1 
Active 
Active 


wo-o-coxl§ 


0 0 
1 0 
1 1 
1 X 
1 X 
1 1 
1 1 
1 1 


—-=-30-00-0 


Notes : 1. DRcan be low only when the MK4505M is full or (full-1). Whenever the device goes full (FF = low), then DR will be latched 
low te1a from the same write clock edge (CKW) regardless of the logic state of the DR flag at the clock transition. Further 
attempted write operations are blocked since FF is low. 

2. If DR changes logic states after the write clock, then this example reflects the condition when the MK4505M has one (1) 
memory location available (full-1). DR will presume the opposite logic state of the previous cycle for subsequent write clocks 
if WE1 is disabled (low) and one memory location is available. Whenever the MK4505M goes full (FF = low), DR will be 
latched low in the same clock cycle. (This is part of the Depth Expansion Protocol, and acts to notify the sending unit that 
space is available.) The DR flag does not logically allow or prevent a write operation. 

3. If DR is a logic 1 before and after the write clock, then this example signifies that the available memory locations in the 
MK4505M are greater than or equal to 2, after the completed write operation. 

4. During a valid write cycle, the DR flag will go inactive low te1a from the rising edge of CKw if the write counter is (full-2) at 
the clock transition. This results 1s a (full-1) condition. (Refer to notes 1 and 2.) 


5. This condition displays a typical write cycle, where available memory locations (prior to the write operation) are from 3 to 
1024. DR and FF continue to acknowledge that the FIFO is ready to accept more data. 


In summary, the QV flag follows the EF signal by one 
read clock cycle (in all instances) when RE1 is active 
high at the rising edge of CKR. Whenever RE 1 is dis- 
abled (low), the QV flag will go low tr1a from the ris- 
ing edge of CKR. Of course, the RE1 input must 
satisfy the set-up time (ts) prior to CKR. The QV flag 
does not enable or inhibit read operations. Read 
protection is provided by the EF signal. 


The DR flag will go low one cycle prior to a full con- 
dition (full-1), or DR will go high at (full-2) from the 
rising edge of CKW. However, if WE1 is disabled 
(low), and the device has one location available, 
then DR will toggle each subsequent write cycle until 
full. This way the device notifies the sending unit that 
at least one more byte of data can be accepted. 
When the device goes full, the DR flag will be latched 
low tFia from the clock edge (during the same write 
cycle), regardless of its previous logic state. As with 
all valid write cycles, the WE1 input must satisfy the 
set-up time (ts) prior to CKW. The DR flag does not 
enable or inhibit write operations. Write protection is 
provided by the FF signal. 


WIDTH AND DEPTH EXPANSION 
EXAMPLES 


The width and depth expansion interface timing di- 
agrams (Figures 14 and 15) are in reference to the 
width and depth expansion schematic in Figure 13 


(For simplicity all clocks have the same frequency 
and transition rate). 


Example 1 - First Write Since Empty - Reading the 
timing diagram from the top left to bottom right, one 
can determine that figure 13 illustrates the effects of 
the first WRITE/READ cycles from an EMPTY array 
of FIFOs. Both of the EF pins are initially low (EFx, 
EF and RE2). As data is written into Bank A, the ex- 
pansion clock reads data from Bank A and writes it 
to Bank B, the interface EF (EF and RE2) and the 
external EF (EFx) go inactive (logic 1) while data is 
shifted through the FIFO array from Bank A through 
Bank B to the external output (QO - Q4). The EF logic 
goes valid (logic 0) once data is shifted out of its re- 
spective bank. 


Example 2 - First Read Since Full - Reading the tim- 
ing diagram from the bottom left to top right, one can 
determine that figure 15 illustrates the effects of the 
first READs from a FULL array of FIFOs. As data is 
read out of the system (QO - Q4), it allows Bank B 
to receive data (Qexp) shifted from Bank A. As Bank B 
shifts data out via QO - Q4, allowing Bank A to 
shift data into Bank B, both banks will show a 
cleared FF status (logic 1) on the expansion FF (FF 
and WE2) as well as the internal FF (FFx). When 
Bank A is no longer considered FULL, Data In from 
the system (DO - D4) is now written into Bank A. The 
FIFO array is again completely Full. 
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MK4505M - MK4505S 


APPLICATION 


The MK4505 operates from a 5V supply. Itis compatible 
with all standard TTL families on all inputs and outputs. 
The device should share a solid ground plane with any 
other devices interfaced with it, particularly TTL devices. 
Additionally, because the outputs can drive rail-to-rail 
into high impedance loads, the MK4505 can also inter- 
face to 5V CMOS on all inputs and outputs. 


Since very high frequency current transients will be 
associated with the operation of the MK4505, power 
line inductance must be minimized on the circuit 
board power distribution network. Power and 
ground trace gridding or separate power planes can 
be employed to reduce line inductance. A high fre- 
quency decoupling capacitor should be placed next 


to each FIFO. The capacitor should be 0.1pF or 
larger. Also, a pull-up resistor in the range of 1KQ is 
recommended for the RESET input pin to improve 
proper operation. 


Though often times not thought of as such, the 
traces on a memory board are basically un- 
terminated, low impedance transmission lines. As 
such they are subject to signal reflections mani- 
fested as noise, undershoots and excessive ringing. 
Series termination in close proximity to the TTL driv- 
ers can improve driver/signal path impedance 
matching. While experimentation most often proves 
to be the only practical approach to selection of se- 
ries resistors, values in the range of 10Q to 33Q 
often prove most suitable. 
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Figure 14. Example 1 - Width and Depth Expansion Interface Timing. 
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Figure 15. Example 2 - Width and Depth Expansion Interface Timing. 
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ORDERING INFORMATION 


Example: MK4505M N 25 


25 


N PSDIP20 25ns 
and/or 
PSDIP24 33 33ns 


90 Ons 


In a System using both M4505M and M4505S, parts should be ordered individually. 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or 
the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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CMOS 512 x 9 BIPORT FIFO 


# FIRST-IN, FIRST-OUT MEMORY BASED 
ARCHITECTURE 


e FLEXIBLE 512 x 9 ORGANIZATION 
=» LOW POWER HCMOS TECHNOLOGY 


®# ASYNCHRONOUS AND SIMULTANEOUS 
READ/WRITE 


=» BIDIRECTIONAL APPLICATIONS { 


a FULLY EXPANDABLE BY WORD WIDTH OR 
DEPTH PDIP28  (N) PLCC32 


EMPTY AND FULL WARNING FLAGS 


=» RETRANSMIT CAPABILITY 
HIGH PERFORMANCE 


Figure 1. Pin Connections 


DESCRIPTION 


The MK4501 is a BIPORT™ FIFO memory, which 
utilizes special two-port cell tech- niques. Specifi- 
cally, this device implements a First-In, First-Out 
algorithm, featuring asynchronous read/write oper- 
ations, full and empty flags, and unlimited expan- 
sion capability in both word size and depth. The 
main application of the MK4501 is as a rate buffer, 
sourcing and absorbing data at different rates, 
(e.g., interfacing fast processors and slow periph- 
erals). The full and empty flags are provided to 


MK4501 
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PIN NAMES 


Q0-Q8 Data Outputs 


29 
28 
27 
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MK4501 25 
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Figure 2. Block Diagram 
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INTRODUCTION (Continued) 


prevent data overflow and underflow. The data is 
loaded and emptied on a First-In, First-Out (FIFO) 
basis, and the latency for the retrieval of data is 
approximately one load cycle (write). Since the 
writes and reads are internally sequential, thereby 
requiring no address information, the pinout defini- 
tion will serve this and future high-density devices. 
The ninth bit is provided to support control or parity 
functions. 


FUNCTIONAL DESCRIPTION 


Unlike conventional shift register based FIFOs, the 
MK4501 employs a memory-based architecture 
wherein a byte written into the device does not 
“ripple-through”. Instead, a byte written into the 
MK4501 is stored at a specific location, where it 
remains until over-written. The byte can be read 
and re-read as often as desired. 


Twin address pointers (ring counters) automatically 
generate the addresses required for each write and 
read operation. The empty/full flag circuit prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 
bytes (writing while full). Once a byte stored ata 
given address has been read, it can be over-written. 
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Address pointers automatically loop back to ad- 
dress zero after reaching address 511. The 
empty/full status of the FIFO is therefore a function 
of the distance between the pointers, not of their 
absolute location. As long as the pointers do not 
catch one another, the FIFO can be written and 
read continuously without ever becoming full or 
empty. 

Resetting the FIFO simply resets the address poin- 
ters to address zero. Pulsing retransmit resets the 
read address pointer without affecting the write 
address pointer. 

With conventional FIFOs, implementation of a 
larger FIFO is accomplished by cascading the indi-vid- 
ual FIFOs. The penalty of cascading is often unac- 
ceptable ripple-through delays. The 4501 allows 
implementation of very large FIFOs with no timing 
penalties. The memory-based architecture of the 
MK4501 allows connecting the read, write, data in, 
and data out lines of the MK4501s in parallel. The 
write and read control circuits of the individual 
FIFOs are then automatically enabled and disabled 
through the expansion-in and expansion-out pins 
as appropriate (see the Expansion Timing section 
for a more complete discussion). 
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RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta < +70°C) 
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DC ELECTRICAL CHARACTERISTICS (0°C < Ta < +70°C; Vcc = 5V + 10%) 


i ee orn eee ee ae 
ae a I 
ec [Ommatetaes creer | 
) Von Output Logic 1 Voltage (lout = —1mA) p24 
ee er 


== Standby Current 
ve = RS = FURT = Vin) 
Power Down Current 

ee (all Inputs > Voc — 0.2V) 


CAPACITANCE (Ta = 25°C, f = 1.0MHz) 


Parameter 


Capacitance on Input Pins 
Capacitance on Output Pins — 


Notes : 
1. Pulse widths of less than minimum values are not valid. 5. Measured with 0.4V <Vin <Vec. 
2. Measured using output load shown in figure Output Load Circuit. 6. Ro >Vin, 0.4V >Vours Vee. 
3. All voltages are referenced to ground. ; 
: 7. Icc measurements are made with outputs open. 
4. 1.5 volt negativeundershoots are allowed for 10ns, once 
per cycle. 8. With output buffer deselected. 
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ABSOLUTE MAXIMUM RATINGS 


a 
Pe [ Tos over Dspion 
ae 


Note : Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these, or any other conditions above those indicated in the operational sections of this specification, 
is not implied. Exposure to absolute maximum ratings for extended periods may affect device reliability. 


AC TEST CONDITIONS 
Input Levels GND to 3V 
Transition Times 5ns 
Input Signal Timing 1.5V 
Reference Level 
Output Signal Timing 0.8V and 2.2V 
Reference Level 
Ambient Temperature 0°C to 70°C 
Voc 5V + 10% 


READ MODE 


The MK4501 initiates a Read Cycle (see Figure 4a) 
on the falling edge of Read Enable control input (R), 
provided that the Empty Flag (EF) is not set. In the 
Read mode of operation, the MK4501 provides a 
fast access to data from 9 of 4608 locations in the 
static storage array. The data is accessed on a 
FIFO basis independent of any ongoing WRITE 
operations. After R goes high, data outputs will 
return to a high impedance condition until the next 
Read operation. 

In the event that all data has been read from the 


Figure 3. Equivalent Output Load Circuit 


11K ohms 


680 ohms 


VROQOOE98 


FIFO, the EF will go low, and further Read oper- 
ations will be inhibited (the data outputs will remain 
in high impedance). EF will go high twer after 
completion of a valid Write operation. EF will again 
go low trer from the beginning a subsequent READ 
operation, provided that a second WRITE has not 
been completed (see figure 4B). Reads beginning 
terR after EF goes high are valid. Reads begun 
after EF goes low and more than trp: before EF 
goes high are invalid (ignored). Reads beginning 
less than tari before EF goes high and less than 
teFR later may or may not occur (be valid) depend- 
ing on internal flag status. 
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AC ELECTRICAL CHARACTERISTICS (0°C < Ta< +70°C; Vcc = +5V + 10%) 
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Figure 4A. Read and Empty Flag Waveforms 
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WRITE MODE 


The MK4501 initiates a Write Cycle (see Figure 4B) 
on the falling edge of the Write Enable control input 
(W), provided that the Full Flag (FF) is not set. Data 
set-up and hold-time requirements must be satis- 
fied with respect to the rising edge of W. The data 
is stored sequentially and independent of any on- 
going Read operations. FF is asserted during the 
last valid write as the MK4501 becomes full. Write 
operations begun with FF low are inhibited. FF will 
go high trer after completion of a valid READ 


operation. FF will again go low twer from the begin- 
ning of a subsequent WRITE operation, provided 
that a second READ has not been completed (see 
Figure 4A). Writes beginning terw after FF goes 
high are valid. Writes beginning after FF goes low 
and more than twei before FF goes high are invalid 
(ignored). Writes beginning less than twp) before 
FF goes high and less than trrw later may or may 
not occur (be valid), depending on internal flag 
status. 


AC ELECTRICAL CHARACTERISTICS (0°C < Tas +70°C; Voc = +5V + a 


Symbol Parameter 
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Figure 4B. Write and Full Flag Waveforms 
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Figure 5B. Write/Read to Empty Flag Waveforms 
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Figure 5B. Read/Write to Full Flag Waveforms 


FIRST READ 
SINCE FULL 


VRO00990 


{a SGS-THOMSON ae 
s/h MICROELECTRONICS 
817 


MK4501 


RESET 


The MK4501 is reset (see Figure 6) whenever the 
Reset pin (RS) is in the low state. During a Reset, 
both the internal read and write pointers are set to 
the first location. Reset is required after power up, 
before a Write operation can begin. 


lA 


AC ELECTRICAL CHARACTERISTICS (0°C 


Reset Cycle Time 


Reset Pulse Width 65 


trsnR | Reset Recovery Time 


Although neither W or R need be high when RS 
goes low, both W and R must be high trss before 
RS goes high, and must remain high trsr after- 
wards. Refer to the following discussion for the 
required state of FL/RT and XI during Reset. 


Ta S$ +70°C; Voc = +5V + 10%) 


Reset Set Up Time 45 


Figure 6. Reset Waveforms 
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Note : EF and FF may change status during Reset, but flags will be valid at tasc. 


8/15 £57 SGS-THOMsON 


818 


e MICROELECTRONICS 


RETRANSMIT 


The MK4501 can be made to retransmit (re-read 
previously read data) after the Retransmit pin (RT) 
is pulsed low. (See Figure 7). 


A Retransmit operation sets the internal read 
pointer to the first physical location in the array, but 


Figure 7. Retransmit Waveforms 
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MK4501 


will not affect the position of the write pointer. R 
must be inactive tars before RT goes high, and 
must remain high for tatr afterwards. 


The Retransmit function is particularly useful when 
blocks of less than 512 Writes are performed be- 
tween Resets. The Retransmit feature is not com- 
patible with Depth Expansion. 


XXAXXXKXXXXXXAKAKKKKXXXKKAAKAKKKXXA A FLAG VALID 
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Note : EF and FF may change status during Retransmit, but flags will be valid at tatc. 


AC ELECTRICAL CHARACTERISTICS (0°C < Tas +70°C; Voc = +5V + 10%) 


Symbol Parameter 
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SINGLE DEVICE CONFIGURATION 


A single MK4501 may be used when application 
requirements are for 512 words or less. The 
MK4501 is placed in Single Device Configuration 
mode when the chip is Reset with the Expansion 
In pin (XI) grounded (see Figure 8). 


Figure 8. A Single 512 x 9 FIFO Configuration 
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WIDTH EXPANSION 


Word width may be increased simply by connecting 
the corresponding input control signals of multiple 
devices. Status Flags (EF and FF) can be detected 
from any one device. Figure 9 demonstrates an 
18-bit word width by using two MK4501s. Any word 
width can be attained by adding additional 
MK4501s. 


DATA OUT 
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Figure 9. A 512 x 18 FIFO Configuration (Width Expansion) 
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Note : Flag detection is accomplished by monitoring the FF and EF signals on either (any) device used in the width expansion configuration. 


Do not connect flag output signals together. 
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DEPTH EXPANSION (Daisy Chain) 


The MK4501 can easily be adapted to applications 
when the requirements are for greater than 512 
words. Figure 10 demonstrates Depth Expansion 
using three MK4501s. Any depth can be attained 
by adding additional MK4501s. 


External logic is needed to generate a composite 
Full Flag and Empty Flag. This requires the ORing 
of all EFs and the ORing of all FFs (i.e., all must be 
set to generate the correct composite FF or EF). 


MK4501 


The MK4501 operates in the Depth Expansion 
configuration after the chip is Reset under the 
below listed conditions. 


1. The first device must be designated by ground- 
ing the First Load pin (FL). The Retransmit 
function is not valid in the Depth Expansion 
Mode. 


2. Allother devices must have FL in the high state. 


3. The Expansion Out (XQ) pin of each device 
must be tied to the Expansion In (XI) pin of the 
next device. 


Figure 10. A 1536 x 9 FIFO Configuration (depth expansion) 
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EXPANSION TIMING 


Figures 11 and 12 illustrate the timing of the Expan- 
sion Out and Expansion In signals. Discussion of 
Expansion Out/Expansion In timing is provided to 
Clarify how Depth Expansion works. In as much as 
Expansion Out pins are generally connected only 
to Expansion In pins, the user need not be con- 
cerned with actual timing in a normal Depth Ex- 
panded application unless extreme propagation 


Figure 11. Expansion Out Timing Waveforms 
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AC ELECTRICAL CHARACTERISTICS (0°C < Tas +70°C; Vcc = +5V + 10%) 


Expansion Out Low = 


Expansion Out High | 60 


delays exist between the XO/XI pin pairs. 


Expansion Out pulses are the image of the WRITE 
and READ signals that cause them ; delayed in 
time by txot and txou. The Expansion Out signal is 
propagated when the last physical location in the 
memory array is written and again when it is read 
(Last Read). This is in contrast to when the Full and 
Empty Flags are activated, which is in response to 
writing and reading a last available location. 
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When in Depth Expansion mode, a given MK4501 
will begin writing and reading as soon as valid 
WRITE and READ signals begin, provided FL was 
grounded at RESET time. A MK4501 in Depth 
Expansion mode with FL high at RESET will not 
begin writing until after an Expansion In pulse 
occurs. It will not begin reading until a second 


Figure 12. Expansion In Timing Waveforms 
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Expansion In pulse occurs and the Empty Flag has 
gone high. Expansion In pulses must occur txis 
before the WRITE and READ signals they are 
intended to enable. Minimum Expansion In pulse 
width, tx1, and recovery time, txin, must be ob- 
served. 
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AC ELECTRICAL CHARACTERISTICS (0°C < Ta< +70°C; Vcc = +5V + 10%) 


Symbol Parameter 
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COMPOUND EXPANSION 


The two expansion techniques described above 
can be applied together in a straight forward man- 
ner to achieve large FIFO arrays (see Figure 13). 


BIDIRECTIONAL APPLICATIONS 


Applications, which require data buffering between 
two systems (each system capable of READ and 
WRITE operations), can be achieved by pairing 
MK4501s, as shown in Figure 14. Care must be 
taken to ensure that the appropriate flag is moni- 
tored by each system. (i.e., FF is monitored on the 
device where W is used ; EF is monitored on the 
device where R is used). Both Depth Expansion 
and Width Expansion may be used in this mode. 


Figure 13. Compound FIFO Expansion Configuration 
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DEPTH EXPANSION 
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1. For depth expansion block see DEPTH EXPANSION Section and Figure 10. 


2. For Flag operation see WIDTH EXPANSION Section and Figure 9. 


Figure 14. Bidirectional FIFO Application 
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ORDERING INFORMATION 


Example: MK4501 N 65 


N PDIP28 65 65ns 
K PLCC32 80 80ns 
10 100ns 
12 120ns 
15 150ns 
20 200ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or to the 
current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest you. 
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s HIGH PERFORMANCE 
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DESCRIPTION 


The MK4503 is aBiPORT™FIFO memory, which 5} ; j 
utilizes special two- -port cell techniques. Specific- : 
ally, this device’ implements a First-In; First-Out 
algorithm, featuring asyn-chronous Read/Write op- 
erations, full, half full and empty flags, and unlim- 
ited expansion capability in both word size and 
depth. The main application of the MK4503 is as a 
rate buffer, sourcing and absorbing data at different 
‘rates, (e.g., interfacing fast processors and slow 
peripherals). 


i i 
Figure 1. Pin Connection. 
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Figure 2. Block Diagram 


INPUT 
BUFFER 


WRITE 


—| WRITE 
ADDRESS 
CONTROL | POINTER 


9 


BiPORT ™ 
MEMORY ARRAY 


OUTPUT 
BUFFER 


READ 


READ R 
ADDRESS 
POINTER 7 CONTROL 


EXPANSION LOGIC 


RESET/RETRANSMIT =a 
LOGIC 


DESCRIPTION (Continued) 


The full, half full and empty flags are provided to 
prevent data overflow and underflow. The data is 
loaded and emptied on a First-In, First-Out (FIFO) 
basis, and the latency for the retrieval of data is 
approximately one load cycle (write). Since the 
writes and reads are internally sequential, thereby 
requiring no address information, the pinout defini- 
tion will serve this and future high-density devices. 
The ninth bit is provided to support control or parity 
functions. 


FUNCTIONAL DESCRIPTION 


Unlike conventional shift register based FIFOs, the 
MK4503 employs a memory-based architecture 
wherein a byte written into the device does not 
“Ripple- Through”. Instead, a byte written into the 
MK4503 is stored at a specific location, where it 
remains until over-written. The byte can be read 
and re-read as often as desired in the single device 
configuration. 


Twin internal pointers (ring counters) automatically 
generate the addresses required for each write and 
read operation. The empty/full flag circuit prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 
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bytes (writing while full). Once a byte stored ata 
given address has been read, it can be over-writ- 
ten. 


The address pointers automatically loop back to 
address zero after reaching address 2047. The 
empty/haif full and full status of the FIFO is there- 
fore a function of the distance between the 
pointers, not of their absolute location. As long as 
the pointers do not catch one another, the FiFOcan 
be written and read continuously without ever be- 
coming full or empty. 


Resetting the FIFO simply resets the write and read 
pointers to location zero. Pulsing retransmit resets 
the read address pointer without affecting the write 
address pointer. 


With conventional FIFOs, implementation of a larger 
FIFO is accomplished by cascading the individual 
FIFOs. The penalty of cascading is often unaccept- 
able ripple-through delays. The 4503 allows im- 
plementation of very large FIFOs with no timing 
penalties. The memory-based architecture of the 
MK4503 allows connecting the read, write, data in, 
and data out lines of the MK4503s in parallel. The 
write and read control! circuits of the individual 
FIFOs are then automatically enabled and disabled 
through the expansion-in and expansion-out pins. 
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ABSOLUTE MAXIMUM RATINGS 
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Note : Stresses above those listed under “Absolute Maximum Ratings” may be cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these, or any otherconditions above those indicated in the operational sections of this specification, 
is not implied. Exposure to absolute maximum ratings for extended periods may affect device. 


RECOMMENDED DC OPERATING CONDITIONS 
(0°C < Ta Ss +70°C) 


Symbol : Parameter 


eRe ae 
Ee ci ee ae ee a 
Logic “1" Voltage all Inputs ) 22 | |Vec#03] vo | 39 | 
Logic “O" Voltage all Inputs | 03 | | o8 | vi | 349 | 


DC ELECTRICAL CHARACTERISTICS 
(0°C < Ta < +70°C; Voc = 5V + 10%) 


pValue 
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CAPACITANCE 
(Ta = 25°C, f = 1 MHZ) 


Parameter 


Capacitance on Input Pins 
Capacitance on Output Pins 


Notes : 5. Measured with 0.0 < Vin < Vcc. 

1. Pulse widths less than minimum values are not allowed. 6. R2Vin, 0.0 = Vour $ Vec. 

2. Measured using output load shown in Output Load Circuit. 7. Ice measurements are made with outputs open. 

3. All voltages are referenced to ground. 8. With output buffer deselected. 

4. -1.5 volt undershoots are allowed for 10ns once per cycle. 9. Input levels tested at 500ns cycle time. 

AC TEST CONDITIONS Figure 3. Equivalent Output Load Circuit 


Input Levels GND to 3V 
Transition Times 5ns 
5V 


Input Signal Timing 
Reference Level 11K ohms 


Output Signal Timing 


DEVICE 
Reference Level 0.8V and 2.2V UNDER 


TEST 
Ambient Temperature 0°C to 70° 


Vec 5V+10% PeQuehnis 
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READ MODE 


The MK4503 initiates a Read Cycle (see Figure 4) 
on the falling edge of Read Enable controlinput (R), 
provided that the Empty Flag (EF) is not asserted. 
In the Read mode of operation, the MK4503 pro- 
vides a fast access to data from 9 of 18432 loca- 
tions in the static storage array. The data is 
accessed on a FIFO basis independent of any 
on-going WRITE operations. After R goes high, 
data outputs will return to a high impedance condi- 
tion until the next Read operation. 


In the event that all data has been read from the 


Figure 4. Read And Empty Flag Waveforms 
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AC ELECTRICAL CHARACTERISTICS 
(0°C < Ta $ +70°C; Voc = +5V + 10%) 


Symbol 


Parameter 


tov Data Valid from R High 


R Low to LowZ 


tREF R Low to EF Low 


W High to EF High 
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FIFO, the EF will go low, and further Read oper- 
ations will be inhibited (the data outputs will remain 
in high impedance). EF will go high twer after 
completion of a valid Write operation. EF will again 
go low trer from the beginning a subsequent READ 
operation, provided that a second WRITE has not 
been completed (see Figure 6B). Reads beginning 
teFR after EF goes high are valid. Reads begun 
after EF goes low and more than trp: before EF 
goes high are invalid (ignored). Reads beginning 
less than tre: before EF goes high and less than 
teFR later may or may not occur (be valid) depend- 
ing on internal flag status. 
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WRITE MODE 


The MK4503 initiates a Write Cycle (See Figure 5) 
on the falling edge of the Write Enable control input 
(W), provided that the Full Flag (FF) is not asserted. 
Data set-up and hold-time requirements must be 
satisfied with respect to the rising edge of W. The 
data is stored sequentially and independent of any 
ongoing Read operations. FF is asserted during the 
last valid write as the MK4503 becomes full. Write 
operations begun with FF low are inhibited. FF will 
go high trarr after completion of a valid READ 


Figure 5. Write And Full Flag Waveforms 
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AC ELECTRICAL CHARACTERISTICS 
(0°C s< Ta S$ +70°C; Voc = +5V + 10%) 
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operation. FF will again go low twer from the begin- 
ning of a subsequent WRITE operation, provided 
that a second READ has not been completed (see 
Figure 6A). Writes beginning trrw after FF goes 
high are valid. Writes beginning after FF goes low 
and more than twpi before FF goes high are invalid 
(ignored). Writes beginning less than twp! before 
FF goes high and less than trrw later may or may 
not occur (be valid), depending on internal flag 
status. 


FIRST VALID 
WRITE 
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NOT FULL 


VALID DATA VALID DATA 
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Figure 6A. Read/Write To Full Flag Waveforms 
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Figure 6B. Write/Read To Empty Flag Waveforms 
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RESET 


The MK4503 is reset (see Figure 7) whenever the 
Reset pin (RS) is in the low state. During a Reset, 
both the internal read and write pointers are set to 
the first location. Reset is required after power up, 
before a Write operation can begin. 


Figure 7. Reset Waveforms 
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AAP 


Although neither W or_R need be high when RS 
goes low, both W and R must be high trss before 
RS goes high, and must remain high trsr after- 
wards. Refer to the following discussion for the 
required state of FL/RT and XI during Reset. 
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Note: HF, EF and FF may change status during Reset, but flags will be valid at trsc. 


AC ELECTRICAL CHARACTERISTICS 
(O0°C < Tas +70°C; Voc = +5V + 10%) 
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RETRANSMIT 


The MK4503 can be made to retransmit (re-read 
previously read data) after the Retransmit pin (RT) 
is pulsed low. (See Figure 8). 


A Retransmit operation sets the internal read 
pointer to the first physical location in the array, but 
will not affect the position of the write pointer. R 


Figure 8. Retransmit Waveforms 
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MK4503 


must be inactive tats before RT goes high, and 
must remain high for tatr afterwards. 


The Retransmit function is particularly useful when 
blocks of less than 2048 Writes are performed 
between Resets. The Retransmit feature is not 
compatible with Depth Expansion. 
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Note : HF, EF and FF may change status during Retransmit, but flags will be valid at tatc. 


AC ELECTRICAL CHARACTERISTICS 
(0°C s Ta S$ +70°C; Voc = +5V + 10%) 
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SINGLE DEVICE CONFIGURATION WIDTH EXPANSION 


A single MK4503 may be used when application | Word width may be increased simply by connecting 
requirements are for 2048 words or less. The __ the corresponding input control signals of multiple 
MK4503 is placed in Single Device Configuration devices. Status Flags (EF and FF) can be detected 


mode when the chip is Reset with the Expansion from any one device. Figure 10 demonstrates an 
In pin (XI) arolnded Gee Figure 9). P 18-bit word width by using two MK4508s. Any word 


width can be attained by adding additional 
MK4503s. The half full flag (HF) operates the same 
as in the single device configuration. 


Figure 9. A Single 2047 x 9 FIFO Configuration 


(HF) HALF FULL FLAG 
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DATA IN a) aor acer DATA OUT 


FULL FLAG (FF) (EF) EMPTY FLAG 


RESET (RS) (RT) RETRANSMIT 


EXPANSION IN (XI) 
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(HF) HALF FULL FLAG 


DATA IN 


WRITE 


FULL FLAG 
EMPTY FLAG 
RESET 


RETRANSMIT 


18 


EXPANSION IN (XI) 
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Note : Flag detection is accomplished by monitoring the FF and EF signals on either (any) device used in the width expansion configuration 
Do not connect flag output signals together. 
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HALF FULL FLAG LOGIC between the write pointer and read pointer is less 


put acts as an indication of a half full memory. After __full flag (HF) is then reset by the rising edge of the 
half of the memory is filled, and at the fallingedge | ‘ead operation (see Figure 11). 

of the next write operation, the half full flag (HF) will 

be set low and remain low until the difference 


Figure 11. Half Full Flag Waveforms 
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AC CHARACTERISTICS 
(O°C < Ta < +70°C; Veco = +5V + 10%) 
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DEPTH EXPANSION (Daisy Chain) 


The MK4503 can easily be adapted to applications 
when the requirements are for greater than 2048 
words. Figure 12 demonstrates Depth Expansion 
using the MK4503s. Any depth can be attained by 
adding additional MK4503s. 


External logic is needed to generate a composite 
Full Flag and Empty Flag. This requires the ORing 
of all EFs and the ORing of all FFs (i.e., all must be 
set to generate the correct composite FF or EF). 


The MK4503 operates in the Depth Expansion 
configuration after the chip is Reset under the 
below listed conditions. 


1. The first device must be designated by ground- 
ing the First Load pin (FL). The Retransmit 
function is not allowed in the Depth Expansion 
Mode. 


2. Allother devices must have FL in the high state. 


wo 


The Expansion Out (XO) pin of each device 
must be tied to the Expansion In (XI) pin of the 
next device. The Half Full Flag (HF) is disabled 
in this mode. 


Figure 12. A 4K x 9 FIFO Configuration (Depth Expansion) 
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EXPANSION TIMING 


Figures 13 and 14 illustrate the timing of the Ex- 
pansion Out and Expansion In signals. Discussion 
of Expansion Out/Expansion In timing is provided 
to clarify how Depth Expansion works. In as much 
as Expansion Out pins are generally connected 
only to Expansion In pins, the user need not be 
concerned with actual timing in a normal Depth 
Expanded application unless extreme propagation 
delays exist between the XO/XI pin pairs. 


Expansion Out pulses are the image of the WRITE 
and READ signals that cause them ; delayed in 
time by txo. and txou. The Expansion Out signal is 
propagated when the last physical location in the 
memory array is written and again when it is read 
(Last Read). This is in contrast to when the Full and 


Figure 13. Expansion Out Waveforms 
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AC ELECTRICAL CHARACTERISTICS 
(0°C s Ta s +70°C; Voc = +5V + 10%) 
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Expansion Out Low 
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Empty Flags are activated, which is in response to 
writing and reading a last available location. 


When in Depth Expansion mode, a given MK4503 
will begin writing and reading as soon as valid 
WRITE and READ signals begin, provided FL was 
grounded at RESET time. A MK4503 in Depth 
Expansion mode with FL high at RESET will not 
begin writing until after an Expansion In pulse 
occurs. 


It will not begin reading until a second Expansion 
In pulse occurs and the Empty Flag has gone high. 
Expansion In pulses must occur txis before the 
WRITE and READ signals they are intended to 
enable. Minimum Expansion In pulse width, txi, and 
recovery time, txin, must be observed. 
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Figure 14. Expansion In Waveforms 
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AC ELECTRICAL CHARACTERISTICS 
(0°C < Ta< +70°C; Voc = +5V + 10%) 
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COMPOUND EXPANSION BIDIRECTIONAL APPLICATIONS 

The two expansion techniques described above Applications, which require data buffering between 
can be applied together in a straight forward man- _—_ two systems (each system capable of READ and 
ner to achieve large FIFO arrays (see Figure 15). WRITE operations), can be achieved by pairing 


MK4508s, as shown in Figure 16. Care must be 
taken to assure that the appropriate flag is moni- 
tored by each system. (i.e., FF is monitored on the 
device where W is used ; EF is monitored on the 
device where R is used). Both Depth Expansion 
and Width Expansion may be used in this mode. 
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Figure 15. Compound FIFO Expansion Configuration 
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DEPTH EXPANSION DEPTH EXPANSION DEPTH EXPANSION 
BLOCK BLOCK 


D(N-8)_DN 


D(N-8)_DN 
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Notes : 
1. Fordepth expansion block see DEPTH EXPANSION Section and Figure 12. 


2. For Flag operation see WIDTH EXPANSION Section and Figure 10. 


Figure 16. Bidirectional FIFO Application 
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ORDERING INFORMATION 


Example: MK4503 N 65 


65 


N PDIP28 65ns 
80 80ns 
10 100ns 
12 120ns 
15 150ns 
20 200ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 


ky, SGS-THOMSO 
>/ MIGRSEleGTnontcs 


fw, SGS-THOMSON 
4, icRoLecTROMICS 


MK45H01,02,03 
MK45H11,12,13 


VERY FAST CMOS 512/1K/2K x 9 BIPORT FIFO 


# FIRST-IN-FIRST-OUT MEMORY BASED 
ARCHITECTURE 


a FLEXIBLE x 9 ORGANIZATIONS: 
— MK45H01,11 (512 x 9) 
— MK45H02, 12 (1K x 9) 
— MK45H03,13 (2K x 9) 


ze LOW POWER, HIGH SPEED HCMOS TECH- 
NOLOGY 


=» ASYNCHRONOUS AND SIMULTANEOUS 
READ/WRITE 


a FULLY EXPANDABLE IN WORD WIDTH AND 
DEPTH 


=» EMPTY AND FULL WARNING FLAGS 
RETRANSMIT CAPABILITY 
HALF-FULL FLAG IN SINGLE DEVICE MODE 


DESCRIPTION 


The MK45H01,11,02,12,03,13 are BIPPORT ™ FIFO 
memories from SGS-THOMSON Microelectronics, 
which utilize special two-port memory cell tech- 
niques. Specifically, these devices implement a 
First-In-First-Out (FIFO) algorithm, featuring asyn- 
chronous read/write operations, full, empty, and 
half full status flags, and unlimited expansion ca- 
pability in both word size and depth. The full and 
emply flags are provided to prevent data overflow and 
underflow. 


PIN NAMES 
Expansion Input 


NC 


Voc, GND 5 Volts, Ground 
FNC | Not Connected 
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Figure 2. Block Diagram 
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DESCRIPTION (Continued) 


The data is loaded and emptied on a first-in-first-out 
basis, and the latency for retrieval of data is ap- 
proximately one load (write) cycle. These devices 
feature a read/write cycle time of only 35ns 
(28.5MHz). 


The reads and writes are internally sequential 
through the use of Separate read and write pointers 
in a ring counter fashion. Therefore, no address 
information is required to load or unload data. Data 
is loaded and unloaded with the use of W (write), 
and R (read) input pins. Separate data in (DO-D8) 
and data out (Q0-Q8) pins allow simultaneous and 
asynchronous read/write operations, provided the 
status flags are not protecting against data under- 
flow or overflow. 


The main application of these devices is a buffer 
for sourcing and absorbing data at different rates 
(e.g., interfacing fast processors and slow periphe- 
rals). The MK45HX1, MK45HX2, and MK45HXS incor- 
porate 9-bit wide data arrays that provide for 
support control or parity bit functions. This feature 
is helpful in data communications where the extra 
parity bit is used for transmission and reception 
error checking. These devices also offer retransmit 
(RT) and half-full features in single device or width 
expansion modes. The retransmit function allows 


VROGO952 


data to be re-read by resetting the read pointer 
while not disturbing the write pointer. This is for 
applications where the FIFO is not full, or is written 
with less than 512, 1024, or 2048 words. 


FUNCTIONAL DESCRIPTION 


Unlike conventional shift register based FIFOs, the 
MK45HX1, MK45HX2, and MK45HX3 employ a 
memory-based architecture wherein a byte written 
into the device does not “ripple through”. Instead, 
a byte written into the device is stored in a specific 
location, where it remains until over-written. The 
byte can be read and re-read as often as desired 
in the single device configuration. 


Two internal pointers (ring counters) automatically 
generate the addresses required for each write and 
read operation. The empty/full flag circuit prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 
bytes (writing while full). Once a byte stored at a 
given address has been read, it can be over-writ- 
ten. The address pointers automatically loop back 
to address zero after reaching the final address in 
the FIFO (512, 1024, or 2048). The empty, half full, 
and full status of the FIFO is therefore a function of 
the distance between the pointers, not of their 
absolute location. 
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FUNCTIONAL DESCRIPTION (Continued) 


As long as the pointers do not catch one another, 
the FIFO can be written and read continuously 
without ever becoming full or empty. 


Resetting the FIFO simply resets the write and read 
pointers to location zero. Pulsing retransmit resets 
the read address pointer without effecting the write 
address pointer. 


With conventional FIFOs, implementation of a 
larger FIFO is accomplished by cascading individ- 
ual FIFOs. The penalty of cascading is often unac- 
ceptable ripple through delays. The MK45HX1, 
MK45HX2, and MK45HX3 allow implementation of 
very large FIFOs with no timing penalties. The 
memory-based architecture of the device allows 
the connection of the read, write, data in, and data 
outlines of the device in parallel. The write and read 
control circuits of the individual FIFOs are then 
automatically enabled and disabled through the 
expansion-in and expansion-out pins. 


Figure 3. Write and Full Flag Waveforms 
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WRITE MODE 


The MK45HXxX initiates a Write Cycle (see Figure 
3) on the falling edge of the Write Enable control 
input (W), provided that the Full Flag (FF) is not set. 
Data set-up and hold-time requirements must be 
satisfied with respect to the rising edge of W. The 
data is stored sequentially and independent of any 
ongoing Read operations. FF is set during the last 
valid write as the MK45HO3 becomes full. Write 
operations begun with FF low are inhibited. FF will 
go high tree after completion of a valid READ 
operation. FF will again go low twrr from the begin- 
ning of a subsequent WRITE operation, provided 
that a second READ has not been completed (see 
Figure 5). Writes beginning trrw after FF goes high 
are valid. Writes beginning after FF goes low and 
more than twp: before FF goes high are invalid 
(ignored). Writes beginning less than twp before 
FF goes high and less than trrw later may or may 
not occur (be valid), depending on the internal flag 
status. 
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MK45H01,11,02,12,03,13 


Write and Full Flag AC Operating Conditions 
(0°C < Ta S$ +70°C, Voc = +5V + 10%) 
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Symbol Parameter 


Notes: 1. Pulse widths less than minimum values are not allowed 
2. Measured using equivalent output load circuit 


READ MODE 


The MK45HXxX initiates a Read Cycle (see Fig- 
ure 4) on the falling edge of Read Enable con- 
trol input (R), provided that the Empty Flag (EF) 
is not set. In the read mode of operation, the 
MK45HOX provides fast access to data from 9 
of the locations in the static storage array. The 
data is accessed on a FIFO basis independent 
of any on-going WRITE operations. After R 
goes high, data outputs will return to a high 
impedance condition until the next read oper- 
ation. In the event that all data has been read 
from the FIFO, the EF will go low, and further 


Figure 4. Read and Empty Flag Waveforms 
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READ operationswillbeinhibited(thedatainputs 
will remain in high impedance). EF will go high twer 
after completion of a valid WRITE operation. EF will 
again go low trer from the beginning a subsequent 
read operation, provided that a second WRITE has 
not been completed (see Figure 6). Reads begin- 
ning terr after EF goes high are valid. Reads begun 
after EF goes low and more that trp: before EF goes 
high are invalid (ignored). Reads beginning less 
than trp; before EF goes high and less then terr 
later may or may not occur (be valid) depending on 
internal flag status. 
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Read and Empty Flag AC Operating Conditions 
(0°C < Ta < +70°C, Voc = +5V + 10%) 
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Notes: 1. Pulse widths less than minimum values are not allowed 
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Figure 5. Read/Write to Full Flag Waveforms 
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Figure 6. Write/Read to Empty Flag Waveforms 
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RESET 


The MK45HXxX is reset (see Figure 7) whenever 
the Reset pin (RS) is in the low state. During a reset, 
both the internal read and write pointers are set to 
the first location. Reset is required after power up, 
before a WRITE operation can begin. 


Figure 7. Reset Waveforms 
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Although neither W or R need be high when RS 
goes low, both R and W must be high trss before 
RS goes high, and must remain high trsr after- 
wards. Refer to the following discussion for the 
required state of FL/RT and XI during Reset. 
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Note : HF, EF and FF may change status during Reset, but flags will be valid at trsc. 


Reset AC Operating Conditions (0°C < Ta < +70°C, Vcc = +5V + 10%) 


Reset Cycle Time 


Reset Pulse Width 2 


Reset Recovery Time 
Reset Set Up Time 


Note: 1. Pulse widths less than minimum values are not allowed 
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RETRANSMIT 


The MK45HXX can be made to retransmit (re-read 
previously read data) after the Retransmit pin (RT) 
is pulsed low (see Figure 8). ARetransmit operation 
sets the internal read pointer to the first location in 
the array, but will not affect the position of the write 


Figure 8. Retransmit Waveforms 
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pointer. R must be inactive tats before RT goes 
high, and must remain high for tatr afterwards. 


The Retransmit function is particularly useful when 
blocks of less than the total FIFO depth are per- 
formed between Resets. The Retransmit feature is 
not compatible with Depth Expansion. 


WERE “XXXMXXXXMMXXXAMMXXXAMAXXAMMXXAKAM A FLAG VALID 


Note : HF, EF and FF may change status during Retransmit, but flags will be valid at tarc. 


Retransmit AC Operating Conditions 
(0°C < Ta < +70°C, Voc = +5V + 10%) 


Symbol 


Parameter 


_* 1. Pulse widths less that minimum values are not allowed 
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SINGLE DEVICE CONFIGURATION 


A single MK45HXX may be used when application 
requirements are for a depth of the device depth or 
less. The MK45HXX is placed in the Single Device 
Configuration mode when the chip is Reset with the 
Expansion In pin (X!) grounded (see Figure 9). 


Figure 9. A Single MK45HXX FIFO Configuration 
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WIDTH EXPANSION 


Word width may be increased simply by connecting 
the corresponding input control signals of multiple 
devices. Status Flags (EF and FF) can be detected 
from any one device. Figure 10 demonstrates an 
18-bit word width by using two MK45HXXs. Any 
word width can be attained by adding additional 
MK45HXxXs. The half full flag (HF) operates the 
same as in single device configuration. 
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Note : Flag detection is accomplished by monitoring the FF and EF signals on either (any) device used tn the width expansion configuration. 


Do not connect flag output signals together. 
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HALF FULL FLAG LOGIC 


When in single device configuration, the (HF) out- 
put acts as an indication of a half full memory. After 
half of the memory is filled, and at the falling edge 
of the next write operation, the half full flag (HF) will 
be set low and remain low until the difference 
between the write pointer and read pointer is less 
than or equal to one half the total memory. The half 
full flag (HF) is then reset by the rising edge of the 
read operation (see Figure 11). 


Figure 11. Half Full Flag Waveforms 
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Half Full Flag AC Operating Conditions 
(0°C < Ta < +70°C, Voc = +5V + 10%) 
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DEPTH EXPANSION (Daisy Chain) 


The MK45HXX can be easily adapted to applica- 
tions when the requirements are greater than the 
individual device word depth. Figure 12 demon- 
strates Depth Expansion using two MK45HXxs. 
Any depth can be attained by adding additional 
MK45HXXs. 


External logic is needed to generate a composite 
Full and Empty Flag. This requires the ORing of all 
the EFs and the ORing of all the FFs (i.e., all must 


be set to generate the composite FF or EF). 


HALF-FULL 
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The MK45HXX operates in the Depth Expansion 
configuration after the chip is Reset under the 
below listed conditions : 


1. The first device must be designated by ground- 
ing the First Load pin (FL). The Retransmit 
function is not available in the Depth Expansion 


Mode. 
2. Allother devices must have FL in the high state. 


3. The Expansion Out (XO) pin of each device 
must be tied to the Expansion In (Xl) pin of the 
next device. The Half Full Flag (HF) is disabled 
in this mode. 


EXPANSION TIMING 
Figures 13 and 14 illustrate the timing of the Ex- 


pansion Out and Expansion In signals. Discussion 
of Expansion Out/Expansion In timing is provided 
to clarify how Depth Expansion works. Due to the 
fact that Expansion Out pins are generally con- 
nected only to Expansion In pins, the user does not 
need to be concerned with the actual timing in a 
normal Depth Expanded application unless ex- 
treme propagation delays exist between the XO/*xXI 
pin pairs. 


Expansion Out pulses are the identical to the 
WRITE and READ signals but ; delayed in time by 
txoL and txou. The Expansion Out signal is propa- 
gated when the last physical location in the memory 
array is written and again when it is read (Last 
Read). This is in contrast to when the Full and 
Empty Flags are activated, which is in response to 
writing and reading a last available location. 


Figure 12. A Two Device Depth Expansion Configuration 
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When in Depth Expansion mode, a given 
MK45HXX will begin writing and reading as soon 
as valid WRITE and READ signals begin, provided 
FL was grounded at RESET time. A MK45HXxX in 
Depth Expansion mode with FL high at RESET will 
not begin writing until after an Expansion In pulse 
occurs. 


Figure 13. Expansion Out Waveforms 
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It will not begin reading until a second Expansion 
In pulse and the Empty Flag has gone high. Expan- 
sion In pulses must occur txis before the WRITE 
and READ signals are intended to enable. Mini- 
mum Expansion In pulse width, txi, and recovery 
time, txirR, must be observed. 
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Figure 14. Expansion In Waveforms 
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Expansion In AC Operating Conditions 
(0°C < Ta $< +70°C, Voc = +5V + 10%) 


Symbol Parameter 


Expansion in Pulse 
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COMPOUND EXPANSION 


The two expansion techniques described above 
can be applied together in a straight forward man- 
ner to achieve large FIFO arrays (see Figure 15). 


BIDIRECTIONAL APPLICATIONS 
Applications, which require data buffering between 
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two systems (each system capable of READ and 
WRITE operations), can be achieved by pairing 
MK45HXxXs, as shown in Figure 16. Care must be 
taken to ensure that the appropriate flag is monitored 
by each system. (i.e., FF is monitored on the device 
where W is used ; EF is monitored on the device 
where R is used). Both Depth Expansion and Width 
Expansion may be used in this mode. 
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Figure 15. Compound FIFO Expansion Configuration 
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Figure 16. Bidirectional FIFO Application 
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ABSOLUTE MAXIMUM RATINGS 


a 


Note : This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation 
sections of this spefication in not implied. Exposure to absolute maximum ratings for extended periods of time may affect device 
reliability. 


RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta < +70°C) 


[smbet | _Paameter [tn 
Pawo [owns Cd 


Logic 0 All Inputs 


Notes: 1. All Voltages are referenced to ground 
2. Vin = 2.5V on the RS pin for MK45H01,11, 02,12 


DC ELECTRICAL CHARACTERISTICS (0°C < Ta <+70°C, Vec= +5V+ 10%) 


Average Vcc Power Supply Current 


Average Standby Current 
ae ; 
, | 


Power Down Current 

(Inputs => Vcc -0.2V) 
Ph [iatetaae Oorenanyrm) | fT A | 
Output Logic 1 Voltage (lout = -4.0mA) | 24 fw] 
[vox [Ouputtascavorage our= 8ona) | [| e* |v | * 


Notes : 1. Icc measurements are made with outputs open. 
2. Measured with 0.4Vs Vins Vcc. 
3. R2>Vin, 0.42 Vout s Vcc. 
4. All voltages are referenced to ground. ° 


CAPACITANCE (Ta= 25°C, f= 1MHz) 


Notes : 1. This parameter is only sampled and not 100% tested 
2. Output buffer deselected 
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AC TEST CONDITIONS 


Pomerat 


Figure 17. Equivalent Output Load Circuit 
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ORDERING INFORMATION 


Example: MK45H02 N 25 


N PDIP28 25 25ns 
and/or 

PSDIP28 35 3ons 

K PLCC32 50 5Ons 

65 65ns 

12 120ns 


For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest you. 
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VERY FAST CMOS 4K / 8K x 9 BIPORT FIFO 


# FIRST-IN-FIRST-OUT MEMORY BASED 
ARCHITECTURE 


n FLEXIBLE x 9 ORGANIZATIONS: 
— MK45H04,14 (4K x 9) 
— MK45H08 (8K x 9) 


=» LOW POWER, HIGH SPEED HCMOS TECH- 
NOLOGY 


» ASYNCHRONOUS AND SIMULTANEOUS 
READ/WRITE 


=» FULLY EXPANDABLE IN WORD WIDTH AND 
DEPTH 


EMPTY AND FULL WARNING FLAGS 
= RETRANSMIT CAPABILITY 
HALF-FULL FLAG IN SINGLE DEVICE MODE 


DESCRIPTION 


The MK45HX4 and MK45H08 are BIPORT™ FIFO 
memories from SGSTHOMSON Microelectronics, 
which utilize special two-port mem-ory cell tech- 
niques. Specifically, these devices implement a 
First-In-First-Out (FIFO) algorithm, featuring asyn- 
chronous read/write operations, full, empty, and 
half full status flags, and unlimited expansion ca- 
pability in both word size and depth. The full and 
empty flags are provided to prevent data overflow and 
underflow. 
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Figure 2. Block Diagram 
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DESCRIPTION (Continued) 


The data is loaded and emptied on a first-in-first-out 
basis, and the latency for retrieval of data is ap- 
proximately one load (write) cycle. These devices 
feature a read/write cycle time of only 35ns 
(28.5MHz). 


The reads and writes are internally sequential 
through the use of separate read and write pointers 
in a ring counter fashion. Therefore, no address 
information is required to load or unload data. Data 
is loaded and unloaded with the use of W (write), 
and R (read) input pins. Separate data in (DO-D8) 
and data out (Q0-Q8) pins allow simultaneous and 
asynchronous read/write operations, provided the 
status flags are not protecting against data under- 
flow or overflow. 


The main application of these devices is a buffer 
for sourcing and absorbing data at different rates 
(e.g., interfacing fast processors and slow periph- 
erals). The MK45HX4 and MK45HO08 incorporate 
9-bit wide data arrays that provide for support 
control or parity bit functions. This feature is helpful 
in data communications where the extra parity bit 
is used for transmission and reception error check- 
ing. These devices also offer retransmit (RT) and 
half-full features in single device or width expansion 
modes. The retransmit function allows data to be 
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re-read by resetting the read pointer while not 
disturbing the write pointer. This is for applications 
where the FIFO is not full, or is written with less than 
4096 or 8192 words. 


FUNCTIONAL DESCRIPTION 


Unlike conventional shift register based FIFOs, the 
MK45HX4 and MK45H08 employ a memory-based 
architecture wherein a byte written into the device 
does not “ripple through”. Instead, a byte written 
into the device is stored in a specific location, where 
it remains until over-written. The byte can be read 
and re-read as often as desired in the single device 
configuration. 


Two internal pointers (ring counters) automatically 
generate the addresses required for each write and 
read operation. The empty/full flag circuit prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 
bytes (writing while full). Once a byte stored at a 
given address has been read, it can be over-written. 
The address pointers automatically loop back 
to address zero after reaching the final address in 
the FIFO (4096 or 8192). The empty, half full, and 
full status of the FIFO is therefore a function of the 
distance between the pointers, not of their absolute 
location. 
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FUNCTIONAL DESCRIPTION (Continued) 


As long as the pointers do not catch one another, 
the FIFO can be written and read continuously 
without ever becoming full or empty. 


Resetting the FIFO simply resets the write and read 
pointers to location zero. Pulsing retransmit resets 
the read address pointer without effecting the write 
address pointer. 


With conventional FIFOs, implementation of a 
larger FIFO is accomplished by cascading individ- 
ual FIFOs. The penalty of cascading is often unac- 
ceptable ripple through delays. The MK45HX4, and 
MK45H08 allow implementation of very large 
FIFOs with no timing penalties. The memory-based 
architecture of the device allows the connection of 
the read, write, data in, and data out lines of the 
device in parallel. The write and read control cir- 
cuits of the individual FIFOs are then automatically 
enabled and disabled through the expansion-in 
and expansion-out pins. 


Figure 3. Write and Full Flag Waveforms 
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WRITE MODE 


The MK45HXxX initiates a Write Cycle (see Figure 
3) on the falling edge of the Write Enable control 
input (W), provided that the Full Flag (FF) is not set. 
Data set-up and hold-time requirements must be 
satisfied with respect to the rising edge of W. The 
data is stored sequentially and independent of any 
ongoing Read operations. FF is set during the last 
valid write as the MK45HXX becomes full. Write 
operations begun with FF low are inhibited. FF will 
go high trer after completion of a valid READ 
operation. FF will again go low twer from the begin- 
ning of a subsequent WRITE operation, provided 
that a second READ has not been completed (see 
Figure 5). Writes beginning trrw after FF goes high 
are valid. Writes beginning after FF goes low and 
more than twei before FF goes high are invalid 
(ignored). Writes beginning less than twp before 
FF goes high and less than trew later may or may 
not occur (be valid), depending on the internal flag 
status. 
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Write and Full Flag AC Operating Conditions 
(O°C < Tas +70°C, Voc = +5V + 10%) 


t Write Protect 
yr Indeterminant 


Notes: 1. Pulse widths less than minimum values are not allowed 
2. Measured using equivalent output load circuit 


READ MODE 


The MK45HXxX initiates a Read Cycle (see Fig- 
ure 4) on the falling edge of Read Enable control 
input (R), provided that the Empty Flag (EF) is not 
set. In the read mode of operation, the MK45HXX 
provides fast access to data from 9 of the locations 
in the static storage array. The data is accessed on 
a FIFO basis independent of any on-going WRITE 
operations. After R goes high, data outputs will 
return to a high impedance condition until the next 
read operation.In the event that all data has been 
read from the FIFO, the EF will go low, and further 
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Figure 4. Read and Empty Flag Waveforms 
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READ operations will be inhibited (the data out- 
puts will remain in high impedance). EF will go high 
tweF after completion of a valid WRITE operation. 
EF will again go low trer from the beginning a 
subsequent read operation, provided that a second 
WRITE has not been completed (see Figure 6). 
Reads beginning terr after EF goes high are valid. 
Reads begun after EF goes low and more that trp) 
before EF goes high are invalid (ignored). Reads 
beginning less than trp before EF goes high and 
less then terr later may or may not occur (be valid) 
depending on internal flag status. 
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Read and Empty Flag AC Operating Conditions 
(0°C < Ta < +70°C, Voc = +5V + 10%) 
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Notes: 1. Pulse widths less than minimum values are not allowed 

2. Measured using equivalent output load circuit 


Figure 5. Read/Write to Full Flag Waveforms 
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Figure 6. Write/Read to Empty Flag Waveforms 
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RESET 


The MK45HXxX is reset (see Figure 7) whenever 
the Reset pin (RS) is in the low state. During a reset, 
both the internal read and write pointers are set to 
the first location. Reset is required after power up, 
before a WRITE operation can begin. 


Figure 7. Reset Waveforms 
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Although neither W or R need be high when RS 
goes low, both R and W must be high trss before 
RS goes high, and must remain high trsr after- 
wards. Refer to the following discussion for the 
required state of FL/RT and XI during Reset. 
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Note : HF, EF and FF may change status during Reset, but flags will be valid at tasc. 


Reset AC Operating Conditions (0°C < Ta < +70°C, Voc = +5V + 10%) 


Reset Cycle Time 


Reset Recovery Time 
Reset Set Up Time 


Note: 1. Pulse widths less than minimum values are not allowed 
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RETRANSMIT 


The MK45HXX can be made to retransmit (re-read 
previously read data) after the Retransmit pin (RT) 
is pulsed low (see Figure 8). ARetransmit operation 
sets the internal read pointer to the first location in 
the array, but will not affect the position of the write 


Figure 8. Retransmit Waveforms 
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pointer. R must be inactive tats before RT goes 
high, and must remain high for tatR afterwards. 


The Retransmit function is particularly useful when 
blocks of less than the total FIFO depth are per- 
formed between Resets. The Retransmit feature is 
not compatible with Depth Expansion. 
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Note : HF, EF and FF may change status during Retransmit, but flags will be valid at tatc. 


Retransmit AC Operating Conditions 
(0°C s Tas +70°C, Voc = +5V + 10%) 


Symbol Parameter 
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Note: 1. Pulse widths less that minimum values are not allowed 
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SINGLE DEVICE CONFIGURATION 


Asingle MK45HXX may be used when application 
requirements are for a depth of the device depth or 
less. The MK45HXX is placed in the Single Device 
Configuration mode when the chip is Reset with the 
Expansion In pin (XI) grounded (see Figure 9). 


Figure 9. A Single MK45HXX FIFO Configuration 
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WIDTH EXPANSION 


Word width may be increased simply by connecting 
the corresponding input control signals of multiple 
devices. Status Flags (EF and FF) can be detected 
from any one device. Figure 10 demonstrates an 
18-bit word width by using two MK45HXXs. Any 
word width can be attained by adding additional 
MK45HXxXs. The half full flag (HF) operates the 
same as in single device configuration. 
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Note : Flag detection is accomplished by monitoring the FF and EF signals on either (any) device used in the width expansion configuration. 


Do not connect flag output signals together. 
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HALF FULL FLAG LOGIC 


When in single device configuration, the (HF) out- 
put acts as an indication of a half full memory. After 
half of the memory is filled, and at the falling edge 
of the next write operation, the half full flag (HF) will 
be set low and remain low until the difference 
between the write pointer and read pointer is less 
than or equal to one half the total memory. The half 
full flag (HF) is then reset by the rising edge of the 
read operation (see Figure 11). 


Figure 11. Half Full Flag Waveforms 
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DEPTH EXPANSION (Daisy Chain) 


The MK45HXxX can be easily adapted to applica- 
tions when the requirements are areater than the 
individual device word depth. Figure 12 demon- 
strates Depth Expansion using two MK45HXXs. 
Any depth can be attained by adding additional 
MK45HXXs. 


External logic is needed to generate a composite 
Full and Empty Flag. This requires the ORing of all 
the EFs and the ORing of all the FFs (i-e., all must 
be set to generate the composite FF or EF). 


HALF-FULL 
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The MK45HXX operates in the Depth Expansion 
configuration after the chip is Reset under the 
below listed conditions : 

1. The first device must be designated by ground- 
ing the First Load pin (FL). The Retransmit 
function is not available in the.Depth Expansion 
Mode. 

2. Allother devices must have FL in the high state. 

3. The Expansion Out (XO) pin of each device 
must be tied to the Expansion In (Xl) pin of the 


next device. The Half Full Flag (HF) is disabled 
in this mode. 


EXPANSION TIMING 


Figures 13 and 14 illustrate the timing of the Ex- 
pansion Out and Expansion In signals. Discussion 


of Expansion Out/Expansion In timing is provided 
to clarify how Depth Expansion works. Due to the 
fact that Expansion Out pins are generally con- 
nected only to Expansion In pins, the user does not 
need to be concerned with the actual timing in a 
normal Depth Expanded application unless ex- 
treme propagation delays exist between the XO/XI 
pin pairs. 

Expansion Out pulses are the identical to the 
WRITE and READ signals but ; delayed in time by 
txo. and txou. The Expansion Out signal is propa- 
gated when the last physical location in the memory 
array is written and again when it is read (Last 
Read). This is in contrast to when the Full and 
Empty Flags are activated, which is in response to 
writing and reading a last available location. 


Figure 12. A Two Device Depth Expansion Configuration 
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When in Depth Expansion mode, a given 
MK45HXX will begin writing and reading as soon 
as valid WRITE and READ signals begin, provided 
FL was grounded at RESET time. A MK45HXxX in 
Depth Expansion mode with FL high at RESET will 
not begin writing until after an Expansion In pulse 
occurs. 


Figure 13. Expansion Out Waveforms 
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Expansion Out AC Operating Conditions 
(0°C < Ta < +70°C, Voc = +5V + 10%) 


Expansion Out Low 
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It will not begin reading until a second Expansion 
In pulse and the Empty Flag has gone high. Expan- 
sion In pulses must occur txis before the WRITE 
and READ signals are intended to enable. Mini- 
mum Expansion In pulse width, tx!, and recovery 
time, txin, must be observed. 


READ FROM 
LAST PHYSICAL 
LOCATION 
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Figure 14. Expansion In Waveforms 
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. Width 
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ue Recovery Time 
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Note: 1. Pulse widths less than minimum values are not allowed 


COMPOUND EXPANSION 


The two expansion techniques described above 
can be applied together in a straight forward man- 
ner to achieve large FIFO arrays (see Figure 15). 


BIDIRECTIONAL APPLICATIONS 
Applications, which require data buffering between 


two systems (each system capable of READ and 
WRITE operations), can be achieved by pairing 
MK45HxXXs, as shown in Figure 16. Care must be 
taken to ensure that the appropriate flag is moni- 
tored by each system. (i.e., FF is monitored on the 
device where W is used ; EF is monitored on the 
device where R is used). Both Depth Expansion 
and Width Expansion may be used in this mode. 
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Figure 15. Compound FIFO Expansion Configuration 
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Figure 16. Bidirectional FIFO Application 
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ABSOLUTE MAXIMUM RATINGS 


Operating Temperature 0 to 70 


Storage Temperature —55 to +125 
p Po Power Dissipation 
Output Current 


Note : This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation 
sections of this spefication in not implied. Exposure to absolute maximum ratings for extended periods of time may affect device 
reliability. 


RECOMMENDED DC OPERATING CONDITIONS (0°C< Ta < +70°C) 


es 
veo [Sumvvenags ———SSSSSC*d CTs | 
[ew [owns SSSC~dSC 
(Yn [lsscrarneas———SSS*d Ce eos | 
PC 


Note : 1. All Voltages are referenced to ground 


DC ELECTRICAL CHARACTERISTICS (0°C< Ta < +70°C, Voc = +5V +10%) 


aw Standby Current 

eee = RS = FL/RT = Vin) 

Power Down Current 
— (Inputs > Vcc -0.2V) 


Output Logic 0 Voltage (lout = 8.0mA) 


Notes : 1. Icc measurements are made with outputs open. 
2. Measured with 0.4Vs Vin < Vcc. 
3. R2>Vin, 0.42 Vout < Vec. 
4 Allvoltages are referenced to ground. 


CAPACITANCE (Ta= 25°C, f= 1MHz) 


fe | Capacitance on Input Pins 
pCa Capacitance on Output Pins 


Notes : 1. This parameter is only sampled and not 100% tested 
2. Output buffer deselected 
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AC TEST CONDITIONS 


Output Signal Timing Reference Levels 


Figure 17. Equivalent Output Load Circuit 


DEVICE 
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TES! 
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ORDERING INFORMATION 


Example: MK45H04 N 25 


N PDIP28 25 25ns 
and/or 

PSDIP28 35 35ns 

K  PLCOC32 50 50ns 

65 65ns 

12 120ns 


For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest you. 
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CT] SGS-THOMSON MK48C02A 
S/ A MICROELECTRONICS NMK48C12A 


CMOS 2K x 8 ZEROPOWER SRAM 


= LOW CURRENT (1pA @ 70°C) BATTERY 
INPUT FOR DATA RETENTION IN THE AB- 
SENCE OF POWER 


® DATA SECURITY PROVIDED BY AUTOMATIC 
WRITE PROTECTION DURING POWER 
FAILURE 


mw +5 VOLT ONLY READ/WRITE 
# CONVENTIONAL SRAM WRITE CYCLES 


» LOW POWER 440mW ACTIVE ; 5.5mW PDIP28 (N) PLCC32 (K) 
STANDBY 


| READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME 


= LOW-BATTERY WARNING Figure 1. Pin Connections 
= TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE: 58 
— MK48C02A 4.75V = Vprp = 4.50V Ba 
— MK48C12A 4.50V =Vprp = 4.20V be 
= POWER FAIL INTERRUPT OUTPUT 25 
24 
DESCRIPTION | 23 
7 MK48CO2A 22 
The MK48C02A/12A ZEROPOWER™ are CMOS 8 MK48C12A 21 
RAM memories with internal power fail support g 20 
circuitry for battery backup applications. The fully 10 19 
static RAM uses an HCMOS six transistor cell and 1 18 
is organized 2K x 8. Included in the device is a 12 


feature to conserve battery energy and a method 
of providing data security during Vcc transients. A 
precision voltage detector write-protects the RAM 
to prevent inadvertent loss of data when Vcc falls 


PIN NAMES 


ee 
a 


MK48CO2A 
MK48C12A 


ve Batovinet 
[RT [Power Fino Opens Wos) 
N___[RoGemmedeg 
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Figure 2. Block Diagram 


VOLTAGE SENSE 
AND 
SWITCHING 
CIRCUITRY 


DESCRIPTION (Continued) 


out of tolerance. In this way, all input and output 
pins (including E and W) become "don’t care". The 
device permits full functional ability of the RAM for 
Vcc above 4.75V (MK48C02A) and 4.5V 
(MK48C12A). Data protection is provided for Vcc 
below 4.5V (MK48C02A) and 4.2V (MK48C12A), 


TRUTH TABLE 


<Vcc(max) 


>Vec(min) 
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{+ __] A0-A10 
| 
| 


<1; _» DQo-Da7 


VR000787 


and maintains data in the absence of Vcc with no 
additional support circuitry other than a primary 
cell. The current supplied by the battery during data 
retention is for junction leakage only (typically less 
than 5nA) because all power-consuming Circuitry is 
turned off. The low battery drain allows use of a 
long life Lithium primary cell. 


Deselect 
Write 
Read 
Read 


Power-Fail 
Deselect 


MICROELECTRONICS 
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ABSOLUTE MAXIMUM RATINGS 


Voltage On Any Pin Relative to Ground —0.3 to +7.0 a ae 
a Ambient Operating Temperature 0 to +70 = 


Ambient eee ae sa Uuldtereis —55 to +125 


Notes: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 


CAUTION : Under no conditions can the "Absolute Maximum Ratings" for the voltage on any pin be exceeded since it will cause permanent 
damage. Specifically, do not perform the "standard" continuity test on any input or output pin, i.e. do not force these pins below — 0.3V DC. 


RECOMMENDED DC OPERATING CONDITIONS 
(0°C < Ta < 70°C) 


[Symbot [Parameter Min. 
[Veo [Supply Votage (wkaacoeny |S 
[Veo [Supp Votaye wwkaacr2a) |S 
eno [Grom SiC 
| in| Logic "1" Voltage All Inputs a 
pat S ie es 
fea Wetaed Pod 


Vcc + 0.3V 


Logic "0" Voltage All Inputs 
Battery Voltage 


DC ELECTRICAL CHARACTERISTICS 
(O°C < Ta S$ 70°C Voc max2 Veoc2 Vcc min) 


SE 
a 
[tex |Ouiputteage Curent 
| Von Output mic "1" Voltage — = —1.0mA) 
Vax [Output Lonic"0"Votage Vour= 2ImA) 
INT Logic "0" Voltage in = 0.5 mA) 
isaac reg 
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AC TEST CONDITIONS OUTPUT LOAD DIAGRAM 


Inout Levels 0.6Vto2.4V 


Transition Times 5ns 


Input and Output Timing 0.8Vor22V 
Reference Levels 


DEVICE 
UNDER 


TEST 
100 pF 
(INCLUDING SCOPE 
AND JIG) 


VRO00790 


CAPACITANCE 
(Ta = 25°C) 


ae: Capacitance on all pins (except D/Q) 
Capacitance on D/Q pins and INT 10 pF 4,5 


Notes : 


All voltages referenced to GND 

Negative spikes of — 1.0 volts allowed for up to 10ns once per cycle. 
Icc1 measured with outpus jae 

Measured with GND < Vi< Vcc and outputs deselected. 

Effective capacitance calculated from the equation C = | AVAV with AV =3 volts and power supply at nominal level. 
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OPERATION 

Read Mode 

The MK48C02A/12A is in the Read Mode when- 
ever W (Write Enable) is high and E (Chip Enable) 
is low, providing a ripple-through access of data 
from eight of 16,384 locations in the static storage 
array. Thus, the unique address specified by the 11 
Address Inputs (An) defines which one of 2,048 
bytes of data is to be accessed. 


Figure 3. Read-Read-Write Timing 


READ 
tRC 


A0-A10 


tCEA 
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Valid data will be available to the eight data Output 
Drivers within taa after the last address input signal 
is stable, providing that the E and G access times 
are satisfied. If E or G access times are not met, 
data access will be measured from the limiting 
parameter (tcea or toga), rather than the address. 
The state of the eight Data I/O signals is controlled 
by the E and G control signals. The data lines may 
be in an indeterminate state between ton and taa, 
but the data lines will always have valid data at tas. 


READ WRITE 
tRC twC 


See ee) eee 


Belees tWR 


KH ~ 


DQO0-DQ7 


ae | fb RpEe 
(VALID VALID OUT) 


(| VALID VALID OUT) ¢ VALID IN. ) IN 


ae 


AC ELECTRICAL CHARACTERISTICS (Read Cycle Timing) 


(O°C < Ta S$ 70°C; Vecmax2 Voc2 Vcc min) 


Note : Measured using the Output Load Diagram shown page 4. 


Symbol Parameter 
con i 


FeedGyeTne =| fem] fa] 
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WRITE MODE 


The MK48C02A/1 2A is in Write Mode whenever the 
W and E inputs are held low. The start of a Write is 
referenced to the latter occurring falling edge of 
either W or E. A Write is terminated by the earlier 
rising edge of W or E. The addresses must be held 
valid throughout the cycle. W or E must return high, 
for a minimum of twa prior to the initiation of another 
Read or Write Cycle. Data-in must be valid for tps 
prior to the End of Write and remain valid for toy 
afterwards. 


Figure 4. Write-Write-Read Timing 


tCEZ 


VALID 
DQO-DQ7 OUT 


Some processors thrash producing spurious Write 
Cycles during power-up, despite application of a 
power-on reset. Users should force W or E high 
during power-up to protect memory after Vcc 
reaches Vcc (min) but before the processor stabi- 
lizes. 


The MK48C02A/12A G input is a DON’T CARE in 
the write mode. G can be tied low and two-wire 
RAM control can be implemented. A low on W will 
disable the outputs twez after W falls. Take care to 
avoid bus contention when operating with two-wire 
control. 


AC ELECTRICAL CHARACTERISTICS (Write Cycle Timing) 


(O°C < Ta < 70°C; Voc max 2 Voc2 Vcc min) 


two Write Cycle Time 


tb 
Write Enable Low to High-Z 
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DATA RETENTION MODE 


With Vcc applied, the MK48C02A/12A operates as 
a conventional BYTEWIDE static RAM. However, 
Vcc is being constantly monitored. Should the sup- 
ply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when Vcc 
falls within the Verb (max), Verb (min) window. The 
MK48CO02A has a Vprp (max) - Verp (min) window 
of 4.75 volts to 4.5 volts, providing very high data 
security, particularly when all of the other system 
components are specified to 5.0 volts plus and 
minus 10%. The MK48C12A has a Vprp (max) - 
VprFp (min) window of 4.5 volts to 4.2 volts, allowing 
users constrained to a 10% power supply specifi- 
cation to use the device. 


Note : A mid-write cycle power failure may corrupt 
data at the current address location, but does not 
jeopardize the rest of the RAM’s content. At volt- 
ages below Vprp (min), the user can be assured 
the memory will be in a write protected state, 
provided the Vcc fall time does not exceed tr. The 
MK48C02A/12A may respond to transient noise 
spikes that reach into the deselect window if they 
should occur during the time the device is sampling 
Vcc. Therefore decoupling of power supply lines is 
recommended. 


The power switching circuit connects external Vcc 
to the RAM and disconnects the battery when Vcc 
rises above Vso. As Vcc rises the battery voltage 
is checked. If the voltage is too low, an internal 
Battery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set, the first write attempted will be blocked. The 
flag is automatically cleared after the first write, and 
normal RAM operation resumes. Figure 5 illus- 
trates how a BOK check routine could be struc- 
tured. 


Normal RAM operation can resume trec after Vcc 
exceeds Vprp (Max). Caution should be taken to 
keep E or W high as Vcc rises past Vprp (Min) as 
some systems may perform inadvertent write 
cycles after Vcc rises but before normal system 
operation begins. 


INTERRUPT FUNCTION 


The MK48C02A/1 2A provides a power-fail interrupt 
output labeled INT. The INT pin eliminates the need 
for external power sensing components in applica- 
tions where an orderly shut down of the system is 
necessary. The INT pin is open drain for "wire or" 
applications and provides the user with 10us to 
40us advanced warning of an impending power-fail 
write protect. 
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Figure 5. Checking the BOK Flag Status 
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AC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Timing) 
(O°C < Ta < +70°C) 


Vprp (max) to Vprp (min) Vcc Fall Time 


Vprp (min) to Vso Vcc Fall Time 


Vso to Vprp (min) Vcc Rise Time 


Vprp (min) to Vprp (max) Vcc Rise Time 


E or W at Vin after Verp (max) 
tere INT Low to Auto Deselect 
Verp (max) to INT High 


DC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Trip Point Voltages) 
(O°C <Ta < +70°C) 


Power-Fail Deselect Voltage (MK48C12A) 4.20 cae 


Notes : 
1. All voltages referenced to GND. 


2. ye (Max) to Vero (Min) fall times of less te may result in deselection/write protection not occurring until 40s after Vcc passes 
PFD (WVIIN). 


3. Vprp (Min) to Vso fall times of less than tes may cause corruption of RAM data. 
4, INT may go high anytime after Vcc exceeds Vprp (min) and is guaranteed to go high tery after Vec exceeds Vprp (max). 


CAUTION: Negative Undershoots Below -0.3V are not allowed on any pin while in Battery Back-up mode . 
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Figure 6. Power-Down/Power-Up Timing 


VPEDCHOx)e= 
VPFD(min). — — — 


ALL INPUTS RECOGNIZED DON’T CARE NOTED RECOGNIZED 


ALL VALID VALID 
OUTPUTS (PER CONTROL INPUT F—HIGH 2 (PER CONTROL INPUT) 


VRO00822 


Notes : 
1. Inputs may or may not be recognized at this time. 


2. Caution should be taken to keep EorWin the high state Vcc rises past Vprp (min). Some systems may perform inadvertent write cycles after 
Vcc rises but before normal system operation begins. Even though a power on reset is being applied to the processor a reset condition may 
not occur until after the system clock Is running. 


ORDERING INFORMATION 


Example: MK48C02 K 15 


N PDIP28 15 150ns 
K PLCC32 20 200ns 
25 250ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MK482Z02 
MK48212 


CMOS 2K x 8 ZEROPOWER SRAM 


» PREDICTED WORST CASE BATTERY LIFE OF 
11 YEARS @ 70°C 


=#» DATA RETENTION IN THE ABSENCE OF 
POWER 


=» DATA SECURITY PROVIDED BY AUTOMATIC 
WRITE PROTECTION DURING POWER 
FAILURE 


=» +5 VOLT ONLY READ/WRITE 
® CONVENTIONAL SRAM WRITE CYCLES 


=» FULL CMOS-440mW ACTIVE ; 5.5mW 
STANDBY 


m 24-PIN DUAL IN LINE PACKAGE, JEDEC 
PINOUTS 


= READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME 


=» LOW-BATTERY WARNING 


» TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE: 
— MK48202 4.75V = Vprp 2 4.50V 
— MK48Z12 4.50V = Vprp = 4.20V 


DESCRIPTION 


The MK48Z02/12 is a 16,384-bit, Non-Vola- 
tile Static RAM, organized 2K x 8 using 
CMOS and an integral Lithium energy source. The 
ZEROPOWER™ RAM has the characteristics of 
a CMOS static RAM, with the important added 
benefit of data being retained in the absence of 
power. Data retention current is so small that a 
miniature Lithium cell contained within the package 
provides an en-ergy source to preserve data. Low 
current drain has been attained by the use of a full 
CMOS memory cell, novel analog support circuitry, 
and carefully controlled junction leakage by an all 
implanted CMOS process. Safeguards against in- 
advertent data loss have been incorporated to main- 
tain data integrity in the uncertain operating 
environment associated with power-up and power- 
down transients. The ZEROPOWER RAM can re- 
place existing 2K x 8 static RAM, directly conforming 
to the popular Byte Wide 24-pin DIP package 
(JEDEC). MK48Z02/12 also matches the pinning of 
2716 EPROM and 2K x 8 EEPROM. Like other static 
RAMs, there is no limit to the number of write cycles 
that can be performed. Since the access time, read 
cycle, and write cycle are less than 250ns and 
require only + 5 volts, no additional support circuitry 
is needed for interface to a microprocessor. 
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Figure 1. Pin Connection 
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Figure 2. Block Diagram 
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TRUTH TABLE 
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>Vc(min) Read 
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ABSOLUTE MAXIMUM RATINGS 


Voltage On Any Pin Relative to Ground —0.3 to +7.0 


Ambient Storage (Vcc Off) Temperature —40 to +85 


NOTE: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION : Under no conditions can the "Absolute Maximum Rating" for the voltage on any pin be exceeded since it will cause permanent 
damage. Specifically, do not perform the "standard" continuity test on any input or output pin, 1.e. do not force these pins below —0.3V DC. 


RECOMMENDED DC OPERATING CONDITIONS 
(0°C < Tas 70°C) 


Vit Logic "0" Voltage All Inputs 0.3 | 08 =f ov | 


DC ELECTRICAL CHARACTERISTICS 
(O°C < Ta < 70°C; Voc max = Voc = Vecmin) 


Average Vcc Power Supply Current Lo 
TTL Standby Current (E = Vin Le 


s 

[0 [ms 
i nh 
: 
: 
[vow [OupittogerF vege foxr=—tamay [24 [ 
Output Logic "0" Voltage (lout = 2.1MA) eet 
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EQUIVALENT OUTPUT LOAD DIAGRAM 
AC TEST CONDITIONS 


Input Levels 0.6V to 2.4V 
Transition Times 5ns 


Input and Output Timing 0.8V or 2.2V 
Reference Levels 


DEVICE 


UNDER 

TEST 
100 pF 
(INCLUDING SCOPE 
AND JIG) 


VRO00780 


CAPACITANCE 
(Ta = 25°C) 


Capacitance on all pins (except D/Q) 
Capacitance on D/Q pins 


Notes : 

1. All voltages referenced to GND. 

2. Negative spikes of -1.0 volt allowed for up to 10ns once per cycle. 

3. lec: measured with outputs open. 

4. Measured with Vcc2 Vi2 GND and outputs deselected. 

5. Effective capacitance calculated from the equation C =| AVAV with AV =3 volts and power supply at 5.0V. 
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OPERATION 
READ MODE 


The MK48Z02/12 is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low, 
providing a ripple-through access of data from eight 
of 16,384 locations in the static storage array. Thus, 
the unique address specified by the 11 Address 
Inputs (An) defines which one of 2,048 bytes of data 
is to be accessed. 

Valid data will be available to the eight data Output 


Figure 3. Read-Read-Write Timing 


A0Q-A10 


DQ0-DQ7 


(VALID OUT) 
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Drivers within taa after the last address input signal 
is stable, providing that the E and G access times 
are satisfied. If E or G access times are not met, 
data access will be measured from the limiting 
parameter (tcea or toga), rather than the address. 
The state of the eight Data I/O signals is controlled 
by the E and G control signals. The data lines may 
be in an indeterminate state between ton and taa, 
but the data lines will always have valid data at taa. 


ime 


VALID OUT, 


VALID IN 
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AC ELECTRICAL CHARACTERISTICS (Read Cycle Timing) 
(O°C <Ta < 70°C; Vcc max2 Vec 2 Vec min) 


Parameter 


Symbol 


t 
tAA Address Access Time 


Chip Enable Hi to High-Z 


Valid Data Out Hold Time 


Note : Measured using the Output Load Diagram shown Page 4. 
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WRITE MODE 


The MK48Z02/12 is in Write Mode whenever the 
W and E inputs are held low. The start of a Write is 
referenced to the latter occurring falling edge of 
either W or E. A Write is terminated by the earlier 
rising edge of W or E. The addresses must be held 


valid throughout the cycle. W or E must return high , 


fora minimum of twr prior to the initiation of another 
Read or Write Cycle. Data-in must be valid for tps 
prior to the End of Write and remain valid for toy 
afterward. 


Figure 4. Write-Write-Read Timing 


tCEZ 


VALID 
DQO-DQ7 OUT 


Some processors thrash producing spurious Write 
Cycles during power-up, despite application of a 
power-on reset. Users should force W or E high 
during power-up to protect memory after Vcc 
reaches Vcc (min) but before the processor stabi- 
lizes. 

The MK48Z02/12 G input is a DON’T CARE in the 
write mode, G can be tied low and two-wire RAM 
control can be implemented. Alow on W will disable 
the outputs twez after W falls. Take care to avoid 
bus contention when operating with two-wire control. 
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AC ELECTRICAL CHARACTERISTICS (Write Cycle Timing) 


(O°C < Ta < 70°C; Vecmeax = Voc = Vcc min) 


Parameter 
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DATA RETENTION MODE 


With Vcc applied, the MK48Z02/12 operates as a 
conventional BYTEWIDE static RAM. However, 
Vcc is being constantly monitored. Should the sup- 
ply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when Vcc 
falls within the VpFp (max), VpFp (min) window. The 
MK48Z02 has a Vprp (max) - Verb (min) window 
of 4.75 volts to 4.5 volts, providing very high data 
security, particularly when all of the other system 
components are specified to 5.0 volts plus and 
minus 10%. The MK48212 has a VprFp (max) - Verb 
(min) window of 4.5 volts to 4.2 volts, allowing users 
constrained to a 10% power supply specification to 
use the device. 


Note : A mid-write cycle power failure may corrupt 
data at the current address location, but does not 
jeopardize the rest of the RAM’s content. At volt- 
ages below Vprp (min), the user can be assured 
the memory will be in a write protected state, 
provided the Vcc fall time does not exceed tr. The 
MK48Z02/12 may respond to transient noise 
spikes that reach into the deselect window if they 
should occur during the time the device is sampling 
Voc. Therefore decoupling of power supply lines is 
recommended. 


The power switching circuit connects external Vcc 
to the RAM and disconnects the battery when Vcc 
rises above Vso. As Vcc rises the battery voltage 
is checked. If the voltage is too low, an internal 
Battery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set, the first write attempted will be blocked. The 
flag is automatically cleared after the first write, and 
normal RAM operation resumes. Figure 5 illus- 
trates how a BOK check routine could be struc- 
tured. 


Normal RAM operation can resume trec after Vcc 
exceeds Vprp (max). Caution should be taken to 
keep E or W high as Vcc rises past Vprp (min) as 
some systems may perform inadvertent write 
cycles after Vcc rises but before normal system 
operation begins. 
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Figure 5. Checking the BOK Flag Status 
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Figure 6. Power-Down/Power-Up Timing 


Vcc 
VPFD(max) 


VPFD(min) 
Vso 


VR000784 


DC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Trip Point Voltages) 
(O°C < Ta < +70°C) 


a a 
[Vio |PonorFalDesdeavotage ncaa) ———+|_aso [48 
[so [Baten Bacup Swicovervotage || 


4.75 
4.50 


AC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Timing) 
(O°C < Ta < +70°C) 


E or W at Vin before Power Down 


Vprp (max) to Verp (min) Vcc Fall Time 


Min |e 
| to |e ee 
Ls | 300 
tea Verp (min) to Vso Vcc Fall Time a ee 
tee a 
jp & | aa 

Le 


Vso to Vprp (min) Vcc Rise Time 


Vprp (min) to Verp (max) Vcc Rise Time 
E or Wat Vin after Power Up 


Notes : 
1. All voltages referenced to GND. 


2. vee oe to Verp (min) fall times of less te may result in deselection/wnte protection not occurring until 50s after Vcc passes 
PFO (min 


3. Vprp (min) to Vso fall times of less than tes may cause corruption of RAM data. 
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DATA RETENTION TIME 
About Figure 7 


Figure 7 illustrates how expected MK48Z02/12 bat- 
tery life is influenced by temperature. The life of the 
battery is controlled by temperature and is virtually 
independent of the percentage of time the 
MK48Z02/12 spends in battery back-up mode. 


Battery life predictions presented in Figure 7 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, tempera- 
ture accelerated testing cannot identify non-tem-per- 
ature dependent failure mechanisms. However, in 
view of the fact that no random cell failures have 
been recorded in any of SGS-THOMSON’s on- 
going battery testing since it began in 1982, we 
believe the likelihood of such failure mechanisms 
surfacing is extremely poor. For the purpose of this 
testing, a cell failure is defined as the inability of a 
cell stabilized at 25°C to produce a 2.4 volt closed- 
circuit voltage across a 250K ohm load resistance. 


A Special Note : The summary presented in Figure 
7 represents a conservative analysis of the data 
presently available. While SGS-THOMSON is most 
likely in possession of the largest collection of 
battery life data of this kind in the world, the results 
presented should not be considered absolute or 
final ; they can be expected to change as yet more 
data becomes available. We believe that future 
read-points of life tests presently under way and 
improvements in the battery technology itself will 
result in a continuing improvement of these figures. 


Two end of life curves are presented in Figure 7. 
They are labeled “Average (ts0%)” and “(ti%)”. 
These terms relate to the probability that a given 
number of failures will have accumulated by a 
particular point in time. If, for example, expected 


Predicted Battery Life = 


life at 70°C is at issue, Figure 7 indicates that a 
particular MK48Z02/12 has a 1% chance of having 
a battery failure 11 years into its life and a 50% 
chance of failure at the 20 year mark. Conversely, 
given a sample of devices, 1% of them can be 
expected to experience battery failure within 11 
years ; 50% of them can be expecied to fail within 
20 years. 


The ti% figure represents the practical onset of 
wear-out, and is therefore suitable for use in what 
would normally be though of as a worst-case 
ana-lysis. The tso% figure represents “normal” or 
“average” life. It is, therefore, accurate to say 
that the average device will last “tso%”. 


Battery life is defined as beginning on the date 
of manufacture. Each MK48Z02/12 is marked 
with a nine digit manufacturing date code in the 
form H99XXYYZZ, example: H995B9231 is H- 
fabricated in Carrollton, TX; 9- assembled in 
Muar, Malaysia; 9-tested in Muar, Malaysia; 
5B-lot designator; 9231-assembled in the year 
1992, work week 31. 


CALCULATING PREDICTED BATTERY LIFE 


As Figure 7 indicates, the predicted life of the 
battery in the MK482Z02/12 is a function of tem- 
perature. The back-up current required by the 
memory matrix in the MK48Z02/12 is so low that 
it has negligible influence on battery life. 


Because predicted battery life is dependent 
upon application controlled variables, only the 
user Can estimate predicted battery life in a 
given design. As long as ambient temperature 
is held reasonably constant, expected life can 
be read directly from Figure 7. lf the 
MK48Z02/12 spends an appreciable amount of 
time at a variety of temperatures, the following 
equations should be used to estimate battery life. 


[(TA/TT)/BL1)] + [(TA2/TT)/BLe] + ... + [(TAn/TT)V/BLn)] 


Where: TAi, TA2, TAn = Time at Ambient Temperature 1, 2, etc. 


TT = Total Time = TA; + TA2 +... + TAn 


BL, BL2, BLn = Predicted Battery Lifetime at Temp 1, Temp 2, etc (see Figure 7). 
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EXAMPLE PREDICTED BATTERY LIFE CAL- peratures of 30°C or less for 3066 hrs/yr ; tem- 
CULATION peratures greater than 25°C, but less than 40°C 


A cash register/terminal operates in an environ- _—‘fOr_ 9296 hrs/yr ; and temperatures greater than 


ment where the MK48Z02/12 is exposed to tem oat but less than 70°C for the remaining 438 


Reading predicted typical life values from Figure 7 ; BL1 = 456 yrs., BL2 = 175 yrs., BLg = 11.4 yrs. 
Total Time (TT) = 8760 hrs./yr. TA1 = 3066 hrs./yr. TA2 = 5256 hrs./yr. TA3 = 438 hrs./yr. 


1 
Predicted Typical Battery Life> YS >>YYY YTS YY YY YY TY YY YY—- 
[(3066/8760)/456] + [(5256/8760)/175] + [(438/8760)/11.4] 


2 116.5 yrs. 


Figure 7. Predicted Battery Storage Life Versus Temperature 
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ORDERING INFORMATION 
Example: MK48Z02 B 12 


5) PHDIP24 12 120ns 
15 150ns 
20 200ns 
25 250ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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CMOS 2K x 8 ZEROPOWER SRAM 


8 INDUSTRIAL TEMPERATURE RANGE - 40°C 
to + 85°C. 


» PREDICTED WORST CASE BATTERY LIFE OF 
6 YEARS @ 85°C. 


= DATA RETENTION IN THE ABSENCE OF 
POWER. 


» DATA SECURITY PROVIDED BY AUTOMATIC 
WRITE PROTECTION DURING POWER 
FAILURE. 


me +5 VOLT ONLY READ/WRITE. 
=» CONVENTIONAL SRAM WRITE CYCLES. 


=» LOW POWER-440mW ACTIVE ; 5.5mW 
STANDBY. 


mw 24-PIN DUAL IN LINE PACKAGE, JEDEC 24 
PIN MEMORY PINOUT. 


» READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 


# ON BOARD LOW-BATTERY WARNING CIR- 
CUITRY. 


=» TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE : 
— MKI48Z02 4.75V = Vprp 2 4.50V 
— MK148Z12 4.50V > Vprp > 4.20V 


DESCRIPTION 


The MK1I48Z02/12 is a 16,384-bit, Non-Vola- 
tile Static RAM, organized 2K x 8 using CMOS 
and an integral Lithium energy source. The 
ZEROPOWER™ RAM has the characteristics of a 
CMOS static RAM, with the important added ben- 
efit of data being retained in the absence of power. 
Data retention current is so small that a miniature 
Lithium cell contained within the package provides 
an en-ergy source to preserve data. Low current 
drain has been attained by the use of a full CMOS 
memory cell, novel analog support circuitry, and 
carefully controlled junction leakage by an all im- 
planted CMOS process. Safeguards against inad- 
vertent data loss have been incorporated to maintain 
data integrity in the uncertain operating environ- 
ment associated with power-up and power-down 
transients. The ZEROPOWER RAM can replace 
exist-ing 2K x 8 static RAM, directly conforming to the 
popular Byte Wide 24-pin DIP package (JEDEC). 


February 1992 


1 
PHDIP24 WITH BATTERY TOP HAT (B) 


Figure 1. Pin Connections 
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Figure 2. Block Diagram 
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DESCRIPTION (Continued) that can be performed. Since the access time, read 
MKI48Z02/12 also matches the pinning of 2716 cycle, and write cycle are less than 250ns and 
EPROM and 2K x 8 EEPROM. Like other static require only + 5 volts, no additional support circuitry 
RAMs, there is no limit to the number of write cycles is needed for interface to a microprocessor. 


TRUTH TABLE 


Vi Deselect 
X VIL Write 
Vit Vin Read 

Vin Vin Read 


Vit 

Vit 

Vit 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter 


Voltage On Any Pin Relative to Ground 
Ambient Operating Temperature 
Ambient Storage (Vcc Off) Temperature 
) Po | Total Device Power Dissipation 

Output Current Per Pin 


Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This Is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


: 
Cc 
= 


CAUTION : Under no conditions can the "Absolute Maximum Rating" for the voltage on any pin be exceeded since it will cause permanent 
damage. Specifically, do not perform the "standard" continuity test on any input or output pin, 1.e. do not force these pins below — 0.3V DC. 


RECOMMENDED DC OPERATING CONDITIONS 
(40°C < Ta< +85°C) 


Parameter 


Supply Voltage (MKI48Z02) 
Supply Voltage (MKI48Z12) 
Ground 

Logic "1" Voltage All Inputs 
Logic "0" Voltage All Inputs 


DC ELECTRICAL CHARACTERISTICS 
(40°C < Ta < +85°C; Voc max 2 Voc 2 Vcc min) 


Parameter 

Average Vcc Power Supply Current 
TTL Standby Current (E = Vin) 

CMOS Standby Current (E = Voc —0.2V) 


li Input Leakage Current (Any Input) 


OL Output Leakage Current 


OH Output Logic "1" Voltage (lour = —1.0mA) 


< 


OL Output Logic "0" Voltage (lout = 2.1mA) 
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EQUIVALENT OUTPUT LOAD DIAGRAM 


AC TEST CONDITIONS 

Input Levels 0.6V to 2.4V 

Transition Times 5ns 

Input and Output Timing 0.8V or 2.2V 

Reference Levels DEVICE 

UNDER 
Ambient Temperature —40 to 85°C TEST 
100 pF 
VCC (MKI48Z02) 4.75 to 5.5V (INCLUDING SCOPE 
AND JIG) 
VCC (MKI48Z12) 4.5 to 5.5V 
vrga0790 

CAPACITANCE 
(Ta = 25°C) 


Pe Capacitance on all pins (except D/Q) 
Capacitance on D/Q pins 10 pF 


Notes : 

1. All voltages referenced to GND. 

2. Negative spikes of -1.0 volt allowed for up to 10ns once per cycle. 

3. lcci measured with outputs open. 

4. Measured with Vec2= Vi2 GND and outputs deselected. 

5. Effective capacitance calculated from the equation C = | At/AV with AV = 3 volts and power supply at 5.0V. 
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OPERATION 


READ MODE Valid data will be available to the eight data Output 
The MKI48Z02/12 is in the Read Mode whenever Drivers within taa after the last address input signal 
W (Write Enable) is high and E (Chip Enable) islow, _is stable, providing that the E and G access times 
providing a ripple-through access of datafromeight are satisfied. If E or G access times are not met, 
of 16,384 locations in the static storage array. Thus, | data access will be measured from the limiting 
the unique address specified by the 11 Address | parameter (tcea or toga), rather than the address. 
Inputs (An) defines which one of 2,048 bytes of data The state of the eight Data I/O signals is controlled 
is to be accessed. by the E and G control signals. The data lines may 

be in an indeterminate state between ton and taa, 

but the data lines will always have valid data at tas. 


Figure 3. Read-Read-Write Timing 
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ie ELECTRICAL CHARACTERISTICS (Read Cycle Timing) 
—40°C <Ta < +85°C; Vcc max = Vcc= Vcc min) 
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Note : Measured using the Output Load Diagram shown Page 4. 
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WRITE MODE 


The MK148Z02/12 is in Write Mode whenever the 
W and E inputs are held low. The start of a Write is 
referenced to the latter occurring falling edge of 
either W or E. A Write is terminated by the earlier 
rising edge of W or E. The addresses must be held 
valid throughout the cycle. W or E must return high 
for a minimum of twre prior to the initiation of another 
Read or Write Cycle. Data-in must be valid for tps 
prior to the End of Write and remain valid for toy 
afterwards. 


Figure 4. Write-Write-Read Timing 


tCEZ 


ALID 
DQO-DQ7 OUT 


Some processors thrash producing spurious Write 
Cycles during power-up, despite application of a 
power-on reset. Users should force W or E high 
during power-up to protect memory after Vcc 
reaches Vcc(min) but before the processor stabi- 
lizes. 


The MKI48Z02/1 2 Ginputis a don’t care in the write 
mode. G can be tied low and two-wire RAM control 
can be implemented. A low on W will disable the 
outputs twez after W falls. Take care to avoid bus 
contention when operating with two-wire control. 


AC ELECTRICAL CHARACTERISTICS (Write Cycle Timing) 


(-40°C <Ta < +85°C; Voc max = Vcc = Vcc min) 


Parameter 


Chip Enable to End of Write 
Write Enable Low to High-Z 
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DATA RETENTION MODE 


With Vcc applied, the MKI48Z02/12 operates as a 
conventional BYTEWIDE static RAM. However, 
Vcc is being constantly monitored. Should the sup- 
ply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when Vcc 
falls within the Vprp (max), VpFp (min) window. The 
MKI48Z02 has a Vprp (max) to Vprp (min) window 
of 4.75 volts to 4.5 volts, providing very high data 
security, particularly when all of the other system 
components are specified to 5.0 volts plus and 
minus 10%. The MKI482Z12 has a Vprp (max) to 
Vpep (min) window of 4.5 volts to 4.2 volts, allowing 
users constrained to a 10% power supply specifi- 
cation to use the device. 


Note : A mid-write cycle power failure may corrupt 
data at the current address location, but does not 
jeopardize the rest of the RAM’s content. At volt- 
ages below Vpep (min), the user can be assured 
the memory will be in a write protected state, 
provided the Vcc fall time does not exceed tr. The 
MKI482Z02/12 may respond to transient noise 
spikes that reach into the deselect window if they 
should occur during the time the device is sampling 
Vcc. Therefore decoupling of power supply lines is 
recommended. 


The power switching circuit connects external Vcc 
to the RAM and disconnects the battery when Vcc 
rises above Vso. As Vcc rises the battery voltage 
is checked. If the voltage is too low, an internal 
Battery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set, the first write attempted will be blocked. The 
flag is automatically cleared after the first write, 
and normal RAM operation resumes. Figure 5 illus- 
trates how a BOK check routine could be struc- 
tured. 


Normal RAM operation can resume trec after Vcc 
exceeds Vprp (Max). Caution should be taken to 
keep E or W high as Vcc rises past Verp (Min) as 
some systems may perform inadvertent write 
cycles after Vcc rises but before normal system 
operation begins. 
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Figure 5. Checking the BOK Flag Status 
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Figure 6. Power-Down/Power-Up Timing 
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DC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Trip Point Voltages) 
(40°C < Ta < +85°C) 


[Vero [PowerFal Dest Votaoe waaay 4 
Power-Fail Deselect Voltage (MKI48Z12) 
[Vso [Baten BackUp SwichoverVolape 


AC ELECTRICAL CHARACTERISTICS (Power DownlPOwelsJP Timing) 
(40°C < Ta < +85°C) 


E or W at Vin before Power Down 


Vprp (max) to Verp (min) Vcc Fall Time 300 


= Verp (min) to Vso Vec Fall Time 


Vso to Vprp (min) Vcc Rise Time a 
Vprp (min) to Verp (max) Voc Rise Time <= 


E or Wat Vin after Power Up 


Notes : 
1. All voltages referenced to GND. 


2. Vperp (max) to Vero (min) fall times of less tr may result in deselection/write protection not occurring until 5Ous after Voc passes 
Vprp (min). 


3. Vprp (min) to Vso fall times of less than tts may cause corruption of RAM data. 
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DATA RETENTION TIME 
About Figure 7 


Figure 7 illustrates how expected MKI48Z02/12 
battery life is influenced by temperature. The life of 
the battery is controlled by temperature and is 
virtually independent of the percentage of time the 
MKI48Z02/12 spends in batiery back-up mode. 


Battery life predictions presented in Figure 7 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, tempera- 
ture accelerated testing cannot identify non-tem- 
perature dependent failure mechanisms. However, 
in view of the fact that no random cell failures have 
been recorded in any of SGS-THOMSON’s ongo- 
ing battery testing since it began in 1982, we be- 
lieve the likelihood of such failure mechanisms 
surfacing is extremely poor. For the purpose of this 
testing, a cell failure is defined as the inability of a 
cell stabilized at 25°C to produce a 2.0 volt closed- 
Circuit voltage across a 250K ohm load resistance. 


A Special Note : The summary presented in Figure 
7 represents a conservative analysis of the data 
presently available. While SGS- THOMSON is most 
likely in possession of the largest collection of 
battery life data of this kind in the world, the results 
presented should not be considered absolute or 
final ; they can be expected to change as yet more 
data becomes available. We believe that future 
read-points of life tests presently under way and 
improvements in the battery technology itself will 
result in a continuing improvement of these figures. 


Two end of life curves are presented in Figure 7. 
They are labeled "Average (tso%)" and "(ti%)”. 
These terms relate to the probability that a given 
number of failures will have accumulated by a 
particular point in time. If, for example, expected 


1 


Predicted Battery Life =: -s+--22--t--s---<see-sescenneee 
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life at 80°C is at issue, Figure 7 indicates that a 
particular MKI48Z02/12 has a 1% chance of having 
a battery failure 10 years into its life and a 50% 
chance of failure at the 17 year mark. Conversely, 
given a sample of devices, 1% of them can be 
expected to experience battery failure within 10 
years ; 50% of them can be expected to fail within 
17 years. 


The ti% figure represents the practical onset of 
wear-out, and is therefore suitable for use in what 
would normally be though of as a worst-case anal- 
ysis. The tso% figure represents "normal" or "aver- 
age” life. It is, therefore, accurate to say that the 
average device will last "tso~". 


Battery life is defined as beginning on the date of 
manufacture. Each MKI48Z02/12 is marked with a 
nine digit manufacturing date code in the form 
H99XXYYZZ, example: H995B9231 is H -fabri- 
cated in Carrollton, TX; 9 -assembled in Muar, 
Malaysia; 9 -tested in Muar, Malaysia; 58 -lot des- 
ignator; 9231 -assembled in the year 1992, work 
week 31. 


CALCULATING PREDICTED BATTERY LIFE 


As Figure 7 indicates, the predicted life of the 
battery in the MK148Z02/12 is a function of temper- 
ature. The back-up current required by the memory 
matrix in the MKI48Z02/12 is so low that it has 
negligible influence on battery life. 


Because predicted battery life is dependent upon 
application controlled variables, only the user can 
estimate predicted battery life in a given design. As 
long as ambient temperature is held reasonably 
constant, expected life can be read directly from 
Figure 7. If the MKI48Z02/12 spends an apprecia- 
ble amount of time at a variety of temperatures, the 
following equations should be used to estimate 
battery life. 


[(TAi/TT)/BL1)] + [(TA2/TT)/BLo] + ... + [(TAn/TT)/BLn)] 


Where: TAi, TA2, TAn = Time at Ambient Temperature 1, 2, etc. 


TT = Total Time = TA; + TA2 +... + TAn 


BLi, BL2, BLn = Predicted Battery Lifetime at Temp 1, Temp 2, etc (see Figure 7). 
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EXAMPLE PREDICTED BATTERY LIFE CALCU- peratures of 50°C or less for 3066 hrs/yr ; 
LATION temperatures greater than 25°C, but less 


Aprocess control computer operatesinanenviron- than 60°C for 5256 hrs/yr ; and tempera- 


ment where the MKI48Z02/12 is exposed to tem- _—«tures greater than 40°C, but less than 85°C for 
the remaining 438 hrs/yr. 


Reading predicted typical life values from Figure 7 ; BL1 = 275 yrs., BLe = 95 yrs., BL3 = 6 yrs. 
Total Time (TT) = 8760 hrs./yr. TA1 = 3066 hrs./yr. TA2 = 5256 hrs./yr. TA3 = 438 hrs./yr. 


| 


[(3066/8760)/275] + [(5256/8760)/95] + [(438/8760)/6] 
> 62.8 yrs. 


Predicted Typical Battery Life > 


Figure 7. Predicted Battery Storage Life Versus Temperature 
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ORDERING INFORMATION 


Example: MKI482Z02 B 15 


B PHDIP24 15 150ns 
20 200ns 
25 250ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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{ SGS-THOMSON M482Z02 
SZ, MICROELECTRONICS M48212 


CMOS 2K x 8 ZEROPOWER SRAM 


» PIN and FUNCTION COMPATIBLE with the 
MK48202,12 

=» SELF CONTAINED BATTERY in the CAPHAT 
DIP PACKAGE 

=» 11 YEARS of DATA RETENTION in the 
ABSENCE of POWER 

=» CHOICE of TWO WRITE PROTECT 
VOLTAGES: 
— M48Z02: 4.5V < Vprp < 4.75V 


Battery CAPHAT 


Figure 1. Logic Diagram 


DESCRIPTION 


The M48Z02,12 ZEROPOWER® RAM is a 2K x 8 
non-volatile static RAM which is pin and function 
compatible with the MK48Z02,12. 


A special 24 pin 600mil DIP CAPHAT™ package 
houses the M48Z02,12 silicon with a long life lith- 
ium button cell to form a highly integrated battery 
backed-up memory solution. 


Table 1. Signal Names 
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se 
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VA01186 


911 


M482Z02,12 


Figure 2. DIP Pin Connections DESCRIPTION (cont’d) 


The M48Z02,12 button cell has sufficient capacity 
and storage life to maintain data for an accumu- 
lated time period of at least 11 years in the absence 
of power over the operating temperature range. 


For a complete description of electrical charac- 
teristics and bus timing, refer to the MK48Z02,12 


data sheet. 
M48Z02 
M482Z12 
VA01187 
ORDERING INFORMATION SCHEME 
Example: M48Z02 -120 PC 1 
Supply Voltage and | _ ee Temp. Range 
Write Protect Voltage 
02 Vcc = 4.75V to 5.5V -1 laces! bee 1 0 to 70°C 


Vprp = 4.5V to 4.75V 


12 Voc = 4.5V to 5.5V 
Vprp = 4.2V to 4.5V 


-150 150ns 6 —40 to 85 °C 


For a list of available options (Supply Voltage, Speed, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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Gey SCS-THOMSON———~—«Ka8700,16 
AYA, wicrossernomes = MK48Z09,19 


CMOS 8K x 8 ZEROPOWER SRAM 


# INTEGRATED ULTRA LOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT AND BAT- 
TERY. 


& UNLIMITED WRITE-CYCLES. 


= READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 


=» PREDICTED WORST CASE BATTERY LIFE OF 
11 YEARS @ 70°C. 


#e PIN AND FUNCTION COMPATIBLE WITH 1 
JEDEC STANDARD 8K X 8 SRAMS. 

» AUTOMATIC POWER-FAIL CHIP DESE- PHDIP28 WITH BATTERY TOP HAT (B) 
LECTWRITE PROTECTION. 

=» CHOICE OF TWO WRITE PROTECT VOLT- 
AGES : Figure 1. Pin Connections 


— MK48Z08/09 - 4.50V < Vprp < 4.75V 
—MK48218/19 -4.20V < Vprp < 4.50V 


DESCRIPTION 


The MK48Z08/18/09/19 ZEROPOWER™ RAM 
combines an 8K x 8 full CMOS SRAM and a long 
life lithium carbon mono-fluoride battery in a single 
plastic DIP package. The MK48Z08/18/09/19 is a MK48Z08 22 
Non Volatile, pin and function equivalent to any MK482Z18 21 
JEDEC standard 8K x 8 SRAM. It also easily fits 
into many EPROM and EEPROM sockets, provid- 
ing the non-volatility of the PROMs without any 
requirement for special write timing, or limitations 
on the number of writes that can be performed. 


In addition, the MK48Z08/18/09/19 has its own 
Power-fail Detect circuit. The circuit deselects the 
device whenever Vcc is below tolerance, providing 
a high degree of data security in the midst of 
unpredictable system operations brought on by 
low Vcc. 


PIN NAMES 


A0-Ai2 Address Inputs 
G Output Enable 
V 


7 MK48Z09 22 
8 MK482Z19 21 
9 20 
10 19 
uN 18 
12 17 
13 16 
14 15 


: 
DQ0-DQ7 Data Inputs/Outputs 
Power Fail Interrupt 


February 1991 12 
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Figure 2. Block Diagram 
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TRUTH TABLE (MK48Z08/18) 
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TRUTH TABLE (MK48Z09/19) 
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ABSOLUTE MAXIMUM RATINGS 


Value 


at 
: 


Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational section of this specification is 
not implied. Exposure to the absolute maximum rating conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below ~0.3 volts are not allowed on any pin while in the Battery Back-up mode. 


RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta < 70°C) 
Parameter 
Supply Voltage (MK48Z08/09) 
Supply Voltage (MK48Z18/19) 
Supply Voltage 
Logic "1" Voltage All Inputs 2.2 
Logic "0" Voltage All Inputs 


Ww on 


DC ELECTRICAL CHARACTERISTICS 
(0°C < TA < +70°C; Vcc min S Voc < Vec max) 


in 
Average Vcc Power Supply Current a 
TTL Standby Current (E; = Vin or Ez = Vit) aa 
CMOS Standby Current (E1 = Vcc —0.2V) an 
pm Input Leakage Current (Any Input) 
bee 
ae 
leer 


Parameter 


= 
o>) 


80, 125 mA 
3 


Ii 

Output Leakage Current 

Output Logic "1" Voltage (lout = —1.0mA) 2.4 
Output Logic "0" Voltage (lout = +2.1mA) 

INT Logic "0" Voltage (lout = +0.5mA) 
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AC TEST CONDITIONS 


Input Levels 0.0V to 3.0V 
Franson Times |S 


5ns 
Input and Output Timing 1.5V 
Reference Levels : 


OUTPUT LOAD DIAGRAM 


MK48Z08-70 MK48Z08,18,09,19 


VRO00837 VR000823 


CAPACITANCE 
(Ta = 25°C) 


Notes : 


1. All voltages referenced to GND. 
2. Negative spikes of -1.0 volt allowed for up to 10ns once per Cycle. 
3. Icc1 measured with outputs open. 
4. 1mAtypical. 
5 Measured with Vcc = Vi > GND and outpus deselected. 
6. 80mA@ 100ns, & 125mA @ 70ns. 
7. Effective capacitance calculated from the equation C = IAV/AV with AV = 3 volts and power supply at 5.0V. 
8. Measured with outputs deselected. 
gale Agj, SGS-THoMSON 
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Figure 3. Power Down/Up Timing 


Vec 
VPFD(max) 


VPFD(min) 


INT 
(MK48Z09/19 ONLY) 


INPUTS DON'T CARE RECOGNIZED 


OUTPUTS — (pep CONTROL INPUT) f= HICH 2 (PER CONTROL INPUT) 


VAO0560 


Note: Inputs may not be recognized at this time. Caution should be taken to keep Ey high or Ez low as Vcc rises past Vero(min). Some systems 
may perform inadvertent write cycles after Vcc rises above Vprp(min)but before normal system operations begins. Even though a power on 
reset is being applied to the processor a reset condition may not occur until after the system clock Is running. 


AC ELECTRICAL CHARACTERISTICS (Power Up/Down Timing) 
(0°C < Ta < +70°C) 


Parameter 
E; or Wat Vin or Es at Vi before Power Down 

Vprp (max) to Verp (min) Vcc Fall Time 

Verb (min) to Vso Vcc Fall Time 

Verp (min) to Verp (max) Vec Rise Time 

| tre Vso to Verp (min) Vcc Rise Time 

ne 
Vprp (max) to INT High 


DC ELECTRICAL CHARACTERISTICS (Power Up/Down Trip Points) 
(0°C < Ta < +70°C) 


ee eee 
4.6 


2. Vprp (max) to Verb (min) fall time of less than tr may result in deselection/write protection not occurring until 200 ps after Vcc pas- 


Notes: 1.All voltages referenced to GND. 
sesVprp (min). 


3. Veep (min) to Vso fall time of less than tes may cause corruption of RAM data. 
4.INT may go high anytime after Vcc exceeds Vprp (min) and is guaranteed to go high tery after Vcc exceeds Verp (max). 
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READ MODE 


The MK48Z08/18/09/19 is in the Read Mode when- 
ever W (Write Enable) is high, E1(Chip Enable 1) is 
low, and E2(Chip Enable 2) is high (MK48Z09/19). 
The device architecture allows ripple-through ac- 
cess of data from eight of 65,536 locations in the 
Static storage array. Thus, the unique address spe- 
cified by the 13 Address Inputs defines which one 
of the 8,192 bytes of data is to be accessed. Valid 


If Chip Enable or Output Enable access times are 
not yet met, valid data will be available at the latter 
of Chip Enable Access Time (teLav) or at Output 
Enable Access Time (teLav). The state of the eight 
three-state Data I/O signals is controlled by Chip 
Enable and Output Enable. If the Outputs are 
activated before tavav, the data lines will be driven 
to an indeterminate state until tavav. If the Address 
Inputs are changed while Chip Enable and Output 
Enable remain low, output data will remain valid for 


data will be available at the Data I/O pins within 
tavav after the last address input signal is stable, 
providing that the Chip Enable and Output Enable 
access times are satisfied. 


Output Hold from Address (taxax) but will go in- 
determinate until the next Address Access. 


AC ELECTRICAL CHARACTERISTICS wis Cycle) 
(0°C < Ta < +70°C; Voc min $< Vec < Voc max) 


MK48Z08-70 MK48Zxx-10 
Symbol Parameter 


Teor [Swetereaie fw | | we | f=] 
tov [ivenweaeatne |e | | | t= | 
woe oamavecienaaies fs | fs | [| 
eo [owaenoenciwz | s | |= | | ~ | 
A 


Chip Enable 2 Access Time 
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Figure 4. Read Timing n° 1 (Address Access) 
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DATA VALID DATA VALID 
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Figure 5. Read Timing n° 2 
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WRITE MODE 


The MK48Z08/1 8/09/19 is in the Write Mode when- 
ever Write Enable and Chip Enable are active. The 
start of a write is referenced to the latter occurring 
falling edge of W or E; or rising edge of Eo 
(MK48Z09/19). A write is terminated by the earlier 
rising edge of W or Ej, or the falling edge of Ee 
(MK48Z09/19). The addresses must be held valid 
throughout the cycle. E; or W must return high or 
Eo low for minimum of te1Hax or te2Lax prior to the 


initiation of another read or write cycle. Data-in 
must be valid tovwu prior to the end of write and 
remain valid for twHpx afterwards. 


Because G is a Don’t Care in the Write Mode and 
alowonW will return the outputs to High-Z, G can 
be tied low and two-wire RAM control can be 
implemented. A low on W will disable the outputs 
twLaz after W goes low. Take care to avoid bus 
contention when operating with two-wire control. 


AC ELECTRICAL CHARACTERISTICS (Write Cycle) 


(O°C < Ta< +70°C; Voc min $ Veco < Voc max) 


Symbol 


tAVWL 
taveit | Address Set-Up Time 


to Chip Enable Active 
TAVE2H 


tE1HAX Write Recovery from Chip 


Enable (Address Hold Time) 
tE2LAX 


Address Set-Up Time to W Low 
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End of Write 


tE2HEAL 


: 
Notes : 


1. InaW Controlled Cycle. 
2. InaEy, Es Controlled Cycle. 
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Figure 6. Write Control Write Cycle Timing 


ADDRESS 


tAVE1L = tE1HAX 


tE2LAX 


Sf 
DATA IN VALID <o 
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Figure 7. Chip Enable Control Write Cycle Timing 
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DATA RETENTION MODE 


With Vcc applied, the MK48Z08/1 8/09/19 operates 
as a conventional BYTEWIDE™ Static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 
itself when Vcc falls within the Vprp(max), 
Vpep(min) window. 


Note : A mid-write cycle power failure may corrupt 
data at the currently addressed location, but does 
not jeopardize the rest of the RAM’s content. At 
voltages below Vprp(Min), the user can be assured 
the memory will be in a write protected state, 
provided the Vcc fall time is not less than tr. The 
MK48Z08/18/09/19 may respond to transient 
noise spikes that reach into the deselect window if 
this should occur during the time the device is 
sampling Vcc. Therefore decoupling of the power 
supply lines is recommended. 


The power switching circuit connects external Vcc 
to the RAM and disconnects the battery when Vcc 
rises above Vso. Normal RAM operation can re- 
sume trec after Vcc exceeds Vprp(max). Caution 
should be taken to keep E1 high (MK48Z08/18) or 
Eo low (MK48Z09/19) as Vcc rises past Verp(min) 
as some systems may perform inadvertent write 
cycles after Vcc rises but before normal system 
operation begins. 


POWER FAIL INTERRUPT 


The MK48Z09/19 continuously monitors Voc. When 
Vcc falls to the power fail detect trip point of the 
MK48Z09/19 an interrupt is immediately generated. 
An internal clock provides a delay no less than 10us 
but no greater than 40 ps before automatically 
deselecting the MK48Z09/19.The INT pin is an open 
drain output and requires an external pull up resistor. 


PREDICTING BACK-UP SYSTEM LIFE 


The useful life of the battery in the MK482Z08/18/ 
09/19 is expected to ultimately come to an end for 
one of two reasons : either because it has been 
discharged while providing current to an external 
load ; or because the effects of aging render the cell 
useless before it can actually be discharged. Fortu- 
nately, these two effects are virtually unrelated, al- 
lowing discharge, or Capacity Consumption, and the 
effects of aging, or Storage Life, to be treated as two 
independent but simultaneous mechanisms, the ear- 
lier of which defines Back-up System life. 


With Vcc on, the battery is disconnected from the RAM 
and aging effects become the determining factor in 
battery life. With Vcc off, leakage currents in the RAM 
provide the only load on the Battery during battery 
back-up. For the MK48Z08/18/09/19, the leakage cur- 
rents are so low that the Back-up System Life of the 
device is simply the Storage Life of the cell. The 
storage Life of the cell is a function of tempera- 
ture. 
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PREDICTING STORAGE LIFE 


Figure 8 illustrates how temperature affects Storage 
Life of the MK48Z08/18/09/19 battery. The life of the 
battery is controlled by temperature and is virtually 
unaffected by leakage currents drawn by the 
MK48Z08/18/09/19. 


Storage Life predictions presented in Figure 8 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, temperature 
accelerated testing cannot identify non-temperature 
dependent failure mechanisms. However, in view of 
the fact that no random cell failures have been 
recorded in any of SGS-THOMSON’s on going bat- 
tery testing since it began in 1982, we believe the 
chance of such failure mechanisms surfacing is ex- 
tremely small. For the purpose of the testing, a cell 
failure is defined as the inability of a cell stabilized at 
25°C to produce a 2.4 volt closed-circuit voltage 
across a 250K load resistance. 

A Special Note : The summary presented in Figure 
8 represents a conservative analysis of the data 
presently available. While SGS-THOMSON is most 
likely in possession of the largest collection of 
battery life data of this kind in the world, the results 
presented should not be considered absolute or 
final ; they can be expected to change as yet more 
data becomes available. We believe that future 
read points of life test presently under way and 
improvements in the battery technology itself will 
result in a continuing improvement of these figures. 


Two end of life curves are presented in Figure 8. 
They are labeled "Average" (ts0%) and (tix). 
These terms relate to the probability that a given 
number of failures will have accumulated by a 
particular point in time. If, for example, expected 
life at 70°C is at issue, Figure 8 indicates that a 
particular MK48Z08/18/09/19 has a 1% chance of 
having a battery failure 11 years into its life anda 
50% chance of failure at the 20 year mark. Con- 
versely, givenasample ofdevices, 1% of them can 
be expected to experience a battery failure within 
11 years ; 50% of them can be expected to experi- 
ence a failure within 20 years. 


The ti% figure represents the practical onset of wear 
out, and is therefore suitable for use in what would 
normally be thought of as a worst-case analysis. The 
t50% figure represents “normal” or "average" life. It is, 
therefore, accurate to say that the average device will 
last "t50%". 


Battery life is defined as beginning at the date of man- 
ufacture. Each MK48Z08/18/09/19 is marked with a 
nine digit manufacturing date code in the form 
H99XXYYZZ, example: H995B9231 is H -fabricated in 
Carrollton, TX; 9 - assembled in Muar, Malaysia; 9- 
tested in Muar, Malaysia; 5B - lot designator; 9231 
- assembled in the year 1992, work week 31. 
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Calculating Predicted Storage Life of the Battery 


As Figure 8 indicates, the predicted Storage Life 
of the battery in the MK48Z08/18/09/19 is a func- 
tion of temperature. 


Because the ambient temperature profile is de- 
pendent upon application controlled variables, 
only the user can estimate predicted 


Example Predicted Storage Life Calculation 


MK48Z08,18,09,19 


Storage Life in a given design. As long as 
ambient temperature is held reasonably 
constant, expected Storage Life can be read 
directly from Figure 8. If the MK482Z08/1 8/09/19 
spends an appreciable amount of time ata 
variety of temperatures, the following equa- 
tion should be used to estimate Storage Life. 


Predicted Storage Life = 1 / { [(TA1 / TT) / SLi] + [(TA2/ TT) / SL] + ...4 [(TAn / TT) / SLN] } 


Where TA, TA2, TAN, 


= Time at Ambient Temperature 1, 2, etc. 
TT = Total Time = TA; + TA2 +... 


+ TAN 


SLi, SL2, SLn = Predicted Storage Life at Temp. 1, Temp. 2, etc. (See Figure 8) 


Example Predicted Storage Life Calculation 


A cash register/terminal operates in an environ- 
ment where the MK48Z08/18/09/19 is exposed to 


temperatures of 55°C or less for 8322 hrs./yr.; and 
temperatures greater than 60°C, but less than 
70°C, for the remaining 438 hrs./yr. 


Reading Predicted tiy, values from Figure 8; SLi = 41 yrs., SLo = 11.4 yrs., 
Total Time (TT) = 8760 hrs./yr. TA1 = 8322 hrs./yr. TA2 = 438 hrs./yr. . 
Predicted Typical Storage Life = 1 / { [ (8322 / 8760) / 41] + [(438 / 8760) / 11.4] 
Predicted Typical Storage Life => 36 years 


Figure 8. Predicted Battery Storage Life Versus Temperature 
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ORDERING INFORMATION 


Example: MK482Z08 B 70 


B PHDIP28 70 70ns 
10 100ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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CMOS 8K x 8 ZEROPOWER SRAM 


ADVANCE DATA 


« INDUSTRIAL TEMPERATURE RANGE -40°C 
TO +85°C 


a INTEGRATED LOW POWER SRAM, POWER- 
FAIL CONTROL CIRCUIT AND ENERGY 
SOURCE 


e UNLIMITED WRITE-CYCLES. 


m READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 


a PREDICTED WORST CASE BATTERY LIFE OF 
6 YEARS @ 85°C 


a PIN AND FUNCTION COMPATIBLE WITH 
JEDEC STANDARD 8K X 8 SRAMS. 


ws AUTOMATIC POWER-FAIL CHIP DESELECT 
WRITE PROTECTION. 


DESCRIPTION 


The MKI48218 8K x 8 ZEROPOWER™ RAM is a 
nonvolatile 65,536 bit SRAM organized as 8192 
words by 8 bits. The device combines an internal 
long life lithium battery and a full CMOS SRAM in 
a plastic 28 pin DIP. The ZEROPOWER RAM 
directly replaces industry standard SRAMs. It also 
fits into many EPROM and EEPROM sockets, pro- 
viding the nonvolatility of PROMs without any re- 
quirement for special write timing or limitations on 
the number of writes that can be performed. 


The MKI48Z18 has its own Power-fail Detect Cir- 
cuit. The control circuitry constantly monitors the 
single 5V supply for an out of tolerance condition. 
When Vcc is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system oper- 
ations brought on by low Vcc. As Vcc falls below 
approximately 3V, the control circuitry connects the 
battery which sustains data until valid power re- 
turns. 


The MKI48Z18 is offered with an access time of 
100ns. The device is operational over a tempera- 
ture range of -40°C to +85°C. For a complete 
description of electrical characteristics and bus 
timing, refer to the MK48Z18B10 specifications 
contained within the MK48Z08, 18 data sheet. 
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Figure 1. Pin Connection 


MKI482Z18 ; 


Se Kes cee ae Pe et 


VA00608 


PIN NAMES 


Eevee 
Cn Co 


1/4 


925 


MKI48Z18 


ABSOLUTE MAXIMUM RATINGS 


a 
Voltage on any Pin Relative to Ground 


Ambient Storage (Vcc Off) Temperature —40 to +85 
Ambient Operating Temperature —40 to +85 


Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below —0.3 volts are not allowed on any pin while in the Battery Back-up mode. 


RECOMMENDED DC OPERATING CONDITIONS (-40°Cs Ta <+85°C) 


[amiss | tamer | 


— 
A) 


DC ELECTRICAL CHARACTERISTICS 
(-40°Cs Ta <+85°C; Vcc min < Vcc < Vcc max) 


Average Vcc Power Supply Current Po 
TTL Standby Current ( E= Vin) Le 3 


3 
> 


3 3 


= 
> 


| Input Leakage Current (Any Input) —1 
|. ties, | Output Leakage Current —-5 
| Von | Output Logic "1" Voltage ( lour = —1.0 mA) Sag fo 


lit 
lon 
VOH 
Output Logic "0" Voltage (lout = +2.1 mA) 


NOTES : 

. All voltages referenced to GND. 

. Negative spikes of -1.0 volts allowed for up to 10 ns once per Cycle. 
. lect measured with outputs open. 

. ImA typical. 

. Measured with Vcc = Vi2 GND and outputs deselected. 
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PREDICTING BATTERY LIFE 


Figure 2 illustrates how temperature affects Battery 
Storage Life of the MKI48Z18. Since the leakage 
currents of the MKI48Z18 are so low, Storage Life 
of the battery is the limiting factor in defining the 
Battery Lifetime of the device. Thus, Battery Life- 
time is controlled by temperature and is virtually 
unaffected by the current requirements of the 
MKI48Z218 RAM. 


Storage Life predictions presented in Figure 2 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. For the purpose of the 
testing, a cell failure is defined as the inability of a 


MKI48Z218 


cell stabilized at 25°C to produce a 2.0 volt closed- 
circuit voltage across a 250K load resistance. 


Two end of life curves are presented in Figure 2. 
They are labeled "Average" (tso%) and (ti). 
These terms relate to the probability that a given 
number of failures will have accumulated by a 
particular point in time. If, for example, expected 
life at 85°C is at issue, Figure 2 indicates that a 
particular MKI48Z18 has a 1% chance of having 
a battery failure 6.5 years into its life and a 50% 
chance of failure at the 10 year mark. Conver- 
sely, given a sample of devices, 1% of them can 
be expected to experience a battery failure within 
6.5 years; 50% of them can be expected to ex- 
perience a failure within 10 years. 


Figure 2. Predicted Battery Storage Life Versus Temperature 
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ORDERING INFORMATION 


Example: MKI482Z18 B 10 


B  PHDIP28 10 100ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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M48Z08 
M482Z18 


CMOS 8K x 8 ZEROPOWER SRAM 


= PIN and FUNCTION COMPATIBLE with the 
MK482Z08,18 


es SELF CONTAINED BATTERY in the CAPHAT 
DIP PACKAGE 


# SMALL OUTLINE PACKAGE PROVIDES DI- 
RECT CONNECTION for a SNAPHAT HOUS- 
ING CONTAINING the BATTERY 


& SNAPHAT HOUSING (BATTERY) REPLACE- 
ABLE 


=» 10 YEARS of DATA RETENTION in the AB- 
SENCE of POWER 


DESCRIPTION 


The M48Z08,18 ZEROPOWER® RAM is an 8K x 
8 non-volatile static RAM which is pin and func- 
tional compatible with the MK48Z08,18. The mono- 
lithic chip is available in two special packages to 
provide a highly integrated battery backed-up 
memory solution. 


Table 1. Signal Names 


ve 


Supply Voltage 
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PCDIP28 (PC) 
Battery CAPHAT 


SOH28 (MH) 
Battery SNAPHAT 


Figure 1. Logic Diagram 
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M48Z18 


VA01022 


1/3 


929 


M482Z08,18 


Figure 2A. DIP Pin Connections 


M48Z08 


3 M48Z718 
: 
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Warning: NC = No Connection 


DESCRIPTION (cont’d) 


The 28 pin 600mil DIP CAPHAT™ houses the 
M48Z08, 18 silicon with a long life lithium button cell 
in a single package. 


The 28 pin 330mil SO provides sockets with gold 
plated contacts at both ends for direct connection 
to a separate SNAPHAT™ housing containing the 
battery. The unique design allows the SNAPHAT 
battery package to be mounted on top of the SO 
package after the completion of the surface mount 
process. 


Insertion of the SNAPHAT housing after reflow 
prevents potential battery damage due to the high 
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Figure 2B. SO Pin Connections 


M48218 


VA01023 


Warning: NC = No Connection 


temperatures required for device surface-mount- 
ing. The SNAPHAT housing is keyed to prevent 
reverse insertion. 


The SO and battery package are shipped sepa- 
rately in plastic anti-static tubes. The SO is also 
available to ship in Tape & Reel form. For the 
M482Z18, the battery package part number is 
"M42Z28-BRO0SH1". 


The ordering information scheme shows the part 
number for the CAPHAT DIP and the SNAPHAT 
SOIC. For a complete description of electrical char- 
acteristics and bus timing, refer to the MK48Z08,18 
data sheet. 
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ORDERING INFORMATION SCHEME 


Example: M48Z18 -100 MH 
Supply Voltage and Write ee pL ecee 7 Temp. _ ieereae | Shipping Method 
Protect Voltage for SO 
08* Vcc = 4.75V to 5.5V a. 100ns eee 0 to 70 Banstead blank Tube 
MOT oy MH SOH28 TR Tape &Reel 


18 Vcc = 4.5V to 5.5V 
Vprp = 4.2V to 4.5V 


Note: 08* CAPHAT package only. 


For a list of available options (Supply Voltage, Speed, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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M48Z09 
M482Z19 


CMOS 8K x 8 ZEROPOWER SRAM 


=» PIN and FUNCTION COMPATIBLE with the 
MK48Z09,19 


=» SELF CONTAINED BATTERY in the CAPHAT 
DIP PACKAGE 


11 YEARS of DATA RETENTION in the 
ABSENCE of POWER 


=» CHOICE of TWO WRITE PROTECT 
VOLTAGES: 


— M48ZO9: 4.5V < Vprp < 4.75V 
— M48Z19: 4.2V < Vprp < 4.5V 


DESCRIPTION 


The M48Z09,19 ZEROPOWER® RAM is an 
8K x 8 non-volatile static RAM which is pin and 
function compatible with the MK48Z09,19. 


A special 28 pin 600mil DIP CAPHAT™ package 
houses the M48Z09,19 silicon with a long life lith- 
ium button cell to form a highly integrated battery 
backed-up memory solution. 


Table 1. Signal Names 


i [eteemte 
a 
ca 
[ie 
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Write Enable 
Supply Voltage 
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PCDIP28 (PC) 
Battery CAPHAT 


Figure 1. Logic Diagram 
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M48Z09,19 


Figure 2. DIP Pin Connections DESCRIPTION (cont'd) 


The M48Z09,19 button cell has sufficient capacity 
and storage life to maintain data for an accumu- 
lated time period of at least 11 years in the absence 
of power over the operating temperature range. 


For a complete description of electrical charac- 
teristics and bus timing, refer to the MK48Z09,19 
data sheet. 


M48Z09 
M48219 
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ORDERING INFORMATION SCHEME 


Example: M48Z09 -100 PC 1 
Supply Voltage and ee oe Temp. Range 
Write Protect Voltage 
09 Vcc = 4.75V to 5.5V ecceeenes 100ns ees 0 to 70°C 


Vprp = 4.5V to 4.75V 


19 Voc = 4.5V to 5.5V 
Verp = 4.2V to 4.5V 


For a list of available options (Supply Voltage, Speed, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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IT G5 THOMSON M48Z58 


CMOS 8K x 8 ZEROPOWER SRAM 


PRODUCT CONCEPT 


1 


# INTEGRATED LOW POWER SRAM and 
POWER-FAIL CONTROL CIRCUIT 


PIN and FUNCTION COMPATIBLE with 
JEDEC STANDARD 8K x 8 SRAMs 


SELF CONTAINED BATTERY in the CAPHAT 
DIP PACKAGE 


=» SMALL OUTLINE PACKAGE PROVIDES 
DIRECT CONNECTION for a SNAPHAT 
HOUSING CONTAINING the BATTERY 


# SNAPHAT HOUSING (BATTERY) 
REPLACEABLE 


» LONG DATA RETENTION TIME in the 
ABSENCE of POWER 


=» AUTOMATIC POWER-FAIL CHIP DESELECT 
and WRITE PROTECTION 


PCDIP28 (PC) SOH28 (MH) 
Battery CAPHAT Battery SNAPHAT 


Figure 1. Logic Diagram 


DESCRIPTION 


The M48Z58 ZEROPOWER® RAM is an 8K x 8 
non volatile static RAM that integrates power-fail 
deselect circuitry and battery control logic on a 
single die. The monolithic chip is available in two 
special packages to provide a highly integrated 
battery backed-up memory solution. 


The 28 pin 600mil DIP CAPHAT™ houses the 
M48Z58 silicon with a long life lithium button cell in 
a single package. 


M482Z58 


Table 1. Signal Names 
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M48258 


Figure 2A. DIP Pin Connections 
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Warning: NC = No Connection 


DESCRIPTION (cont'd) 


The 28 pin 330mil SO provides sockets with gold 
plated contacts at both ends for direct connection 
to a separate SNAPHAT™ housing containing the 
battery. The unique design allows the SNAPHAT 
battery package to be mounted on top of the SO 
after the completion of the surface mount process. 


Insertion of the SNAPHAT housing after reflow 
prevents potential battery damage due to the high 
temperatures required for device surface mount- 
ing. The SNAPHAT housing is keyed to prevent 
reverse insertion. 


The M48Z58 is a pin and function equivalent to any 
JEDEC standard 8K x 8 SRAM. It also easily fits 


Figure 2B. SO Pin Connections 


M482Z58 


VA01178 


Warning: NC = No Connection 


into many EPROM and EEPROM sockets, provid- 
ing the non volatility of PROMs without any require- 
ment for special write timing or limitations on the 
number of writes that can be performed. 


The M48Z58 also has its own power-fail detect 
circuit. The control circuitry constantly monitors the 
single 5V supply for an out of tolerance condition. 
When Vcc is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system op- 
eration brought on by low Vcc. As Vcc falls below 
approximately 3V, the control circuitry connects the 
battery which maintains data until valid power re- 
turns. 
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M48Z59 


CMOS 8K x 8 ZEROPOWER SRAM 


PRODUCT CONCEPT 


=» INTEGRATED LOW POWER SRAM and 
POWER-FAIL CONTROL CIRCUIT 


=» FUNCTION COMPATIBLE with JEDEC 
STANDARD 8K x 8 SRAMs 


= MICROPROCESSOR POWER-ON RESET 
(VALID all the WAY to Vcc = Vss) 


= SELF CONTAINED BATTERY in the CAPHAT 
DIP PACKAGE 


=» SMALL OUTLINE PACKAGE PROVIDES 
DIRECT CONNECTION for a SNAPHAT 
HOUSING CONTAINING the BATTERY 


= SNAPHAT HOUSING (BATTERY) 
REPLACEABLE 


» LONG DATA RETENTION TIME in the 
ABSENCE of POWER 


=» AUTOMATIC POWER-FAIL CHIP DESELECT. 
and WRITE PROTECTION 


DESCRIPTION 


The M48Z59 ZEROPOWER® RAM is an 8K x 8 
non volatile static RAM that integrates power-fail 
deselect circuitry and battery control logic on a 
single die. The monolithic chip is available in two 
special packages to provide a highly integrated 
battery backed-up memory solution. 


Table 1. Signal Names 
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PCDIP28 (PC) 
Battery CAPHAT 


SOH28 (MH) 
Battery SNAPHAT 


Figure 1. Logic Diagram 
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M482Z59 


Figure 2A. DIP Pin Connections 
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DESCRIPTION (cont'd) 


The 28 pin 600mil DIP CAPHAT™ houses the 
M48Z59 silicon with a long life lithium button cell in 
a single package. 


The 28 pin 330mil SO provides sockets with gold 
plated contacts at both ends for direct connection 
to a separate SNAPHAT™ housing containing the 
battery. The unique design allows the SNAPHAT 
battery package to be mounted on top of the SO 
after the completion of the surface mount process. 


Insertion of the SNAPHAT housing after reflow 
prevents potential battery damage due to the high 
temperatures required for device surface mount- 
ing. The SNAPHAT housing is keyed to prevent 
reverse insertion. 


The M48Z59 is functional equivalent to any JEDEC 
standard 8K x 8 SRAM. It also easily fits into many 


Figure 2B. SO Pin Connections 


M48Z59 
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EPROM and EEPROM sockets, providing the non 
volatility of PROMs without any requirement for 
special write timing or limitations on the number of 
writes that can be performed. 


A power-on reset output provides a reset pulse to 
the microprocessor. The reset pulls low (open 
drain) on power-down and remains low on power- 
up for 40ms to 200ms after Vcc passes Vprp. 


The M48Z59 also has its own power-fail detect 
circuit. The control circuitry constantly monitors the 
single 5V supply for an out of tolerance condition. 
When Vcc is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system op- 
eration brought on by low Vcc. 


As Vcc falls below approximately 3V, the control 
circuitry connects the battery which maintains data 
until valid power returns. 
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M482Z32 
M48 Z32Y 


CMOS 32K x 8 ZEROPOWER SRAM 


8 INTEGRATED ULTRALOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT and 
BATTERY 


» UNLIMITED WRITE CYCLES 


» READ CYCLE TIME EQUALS WRITE CYCLE 
TIME 


= 10 YEARS of DATA RETENTION in the 
ABSENCE of POWER at 70 °C 


e PIN and FUNCTION COMPATIBLE with 
JEDEC STANDARD 32K x 8 SRAMs 


# AUTOMATIC POWER-FAIL CHIP DESELECT 
and WRITE PROTECTION 


# CHOICE of TWO WRITE PROTECT 
VOLTAGES: 


— M48Z32: 4.5V < Vprp < 4.75V 
— M48Z32Y: 4.2V < Vprp < 4.5V 


DESCRIPTION 


The M48Z32/32Y, 32K x 8 ZEROPOWER® RAM is 
a non-volatile 262,144 bit Static RAM organized as 
32,768 words by 8 bits. A special 28 pin 600mil 
dual-in-line plastic package houses the 
M482Z32/32Y silicon with a long life button cell 


Table 1. Signal Names 
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PCDIP28 (PC) 


Battery CAPHAT 


Figure 1. Logic Diagram 
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M482Z32Y 
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Table 2. Absolute Maximum Ratings 


to | Outputcurent cm 
[Pe [Powerdiespaion —SCS~—~iSC“‘CSSCSC~C*dSS 
Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This ts a stress 


rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below —0 3 volts are not allowed on any pin while in the Battery Back-up mode. 


Table 3. Operating Modes 


pac-pa7| Power 
High Z Standby 
4.75V to 5.5V 


Tiicnz [aa 


High Z 
High Z CMOS Standby 


Note: X = VjH or Vit 


Figure 2. DIP Pin Connections DESCRIPTION (cont'd) 


battery to form a highly integrated battery backed- 
up memory solution. The M48Z32/32Y is a non- 
volatile pin and function equivalent to any JEDEC 
standard 32K x 8 SRAM. It also easily fits into many 
ROM, EPROM and EEPROM sockets, providing 
the nonvolatility of PROMs without any require- 
ment for special write timing or limitations on the 
number of writes that can be performed. 


The M48Z32/32Y also has its own Power-fail De- 
tect circuit. The control circuitry constantly monitors 
M482Z32 99 the single 5V supply for an out of tolerance condi- 
M48Z32Y tion. When Vcc is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system op- 
eration brought on by low Vcc. As Vcc falls below 
approximately 3V, the control circuitry connects the 
battery which maintains data until valid power re- 
turns. 
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READ MODE 


The M48Z32/32Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 


VA01189 
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Figure 3. Block Diagram 


VOLTAGE SENSE 
AND 
SWITCHING 
CIRCUITRY 


INTERNAL 
BATTERY 


READ MODE (cont'd) 


The device architecture allows ripple-through ac- 
cess of data from eight of 262,144 locations in the 
Static storage array. Thus, the unique address 
specified by the 15 Address Inputs defines which 
one of the 32,768 bytes of data is to be accessed. 
Valid data will be available at the Data I/O pins 
within tavav (Address Access Time) after the last 
address input signal is stable, providing that the E 
and G access times are also satisfied. If the E or G 
access times are not met, valid data will be avail- 
able after the latter of the Chip Enable Access 
Times (teLqv) or Output Enable Access Time 
(taLav). 


The state of the eight three-state Data I/O signals 
is controlled by E and G. If the outputs are activated 
before tavav, the data lines will be driven to an 
indeterminate state until tavav. If the Address In- 
puts are changed while E and G remain active, 
output data will remain valid for taxax (Output Data 
Hold Time) but will go indeterminate until the next 
Address Access. 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voliages  1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 4. AC Testing Load Circuit 


DEVICE 
UNDER 
TEST 


C;=100pF or SpF 


Cy includes JIG capacitance 
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Table 4. Capacitance ™ (Ta = 25 °C, f= 1 MHz) 


Notes: 1. Effective capacitance calculated from the equation C = IAt/AV with AV = 3V and power supply at 5V. 
2. Outputs deselected 


Table 5. DC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


[symbor [Parameter ‘| _‘teotonatton [win [ wax [Unt 
wu [nputteatage Curent =| evsvwsven | | aa 
Two ouputtestage curen | oveVosveo | (| | 4a 
a 
Supply Current (Standby) TTL 


Notes: 1. Outputs deselected. 
2. Negative spikes of —1V allowed for up to 10ns once per Cycle 


Table 6. Power Down/Up Trip Points DC Characteristics ™ (Ta = 0 to 70°C) 


a 
ae a 
tn [osarsiontie | 


Note: 1. All voltages referenced to Vss. 
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Table 7. Power Down/Up Mode AC Characteristics (Ta = 0 to 70°C) 


oe 
[te [EeWavntcccrmwoom iP 
[5° [otra ov nin erFabtine fae || 
Tin® [ro tmnevovaratme de | 
i alee 
a) ae a ee 

Ce | [= 


Vprp(min) to Vprp (max) Vcc Rise Time 
Vso to Vprp (min) Vcc Rise Time 
E or Wat Vin after Power Up 


Notes: 1. Vprp (max) to Verp (min) fall time of less than tf may result In deselection/write protection not occurring until 200 ps after 
Vcc passes VprFp (min). 


2. VpFD (min) to Vso fall time of less than tea may cause corruption of RAM data. 


Figure 5. Power Down/Up Mode AC Waveforms 


Vec 
VPFD(max) 


VPFD(min) 
VSO 


INPUTS DON’T CARE RECOGNIZED 


VALID VALID 
OUTPUTS — (PER CONTROL INPUT) (PER CONTROL INPUT) 


VAO00606 


Note: Inputs may or may not be recognized at this time. Caution should be taken to keep Ehigh as Vcc rises past Vprp(min). Some systems 
may performs inadvertent write cycles after Vcc rises above Verp(min) but before normal system operations begins. Even though a power on 
reset is being applied to the processor a reset condition may not occur until after the system clock ts running. 
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Table 8. Read Mode AC Characteristics (Ta =0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


M48Z32 / 32Y 
Symbol Parameter | gs | tos 


Pr 
Fer [nates iso oapavae ————S w |o | 
Ftaar® [oipenbotowwouaves «YP | wo |e 
[ao [omeswrtmwowmwes | [| 
ae 
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taHaz @ Output Enable High to Output Hi-Z 
taxax " Address Transition to Output Transition 


Note: 1. C_ = 100pF (see Figure 4). 
2. CL = 5pF (see Figure 4). 


Figure 6. Address Controlled, Read Mode AC Waveforms 
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Note: E = Low, G= Low, W = Low. 
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Figure 7. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 
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Note: W = High. 


Table 9. Write Mode AC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


M48Z32 / 32Y 
Symbol Parameter 


: 

: 

: 

: 

wm | ats Vato we Erato igh +7 
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Note: 1. C_ =5pF (see Figure 4). 
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Figure 8. Write Enable Controlled, Write AC Waveforms 


tWHQX 
tDVWH tWHDX 


DQ0-—DQ7 DATA INPUT 
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Note: G = High. 


Figure 9. Chip Enable Controlied, Write AC Waveforms 
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DQO0—-DQ7 DATA INPUT 
tDVEH _—— 
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Note: G = High. 
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WRITE MODE 


The M48Z32/32Y is in the Write Mode whenever W 
and E are active. The start of a write is referenced 
from the latter occurring falling edge of W or E.A 
write is terminated by the earlier rising edge of W 
or E. The addresses must be held valid throughout 
the cycle. E or W must return high for minimum of 
tEHAX from Chip Enable or twHax from Write Enable 
prior to the initiation of another read or write cycle. 
Data-in must be valid tovwu prior to the end of write 
and remain valid for twHpx afterward. G should be 
kept high during write cycles to avoid bus conten- 
tion; although, if the output bus has been activated 
by a low on E and G, a low on W will disable the 
outputs twiaz after W falls. 


DATA RETENTION MODE 


With valid Vcc applied, the M48Z32/32Y operates 
as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 
itself when Vcc falls within the Vprp(max), 
Vprp(min) window. All outputs become high imped- 
ance, and all inputs are treated as "don’t care." 


Note: A power failure during a write cycle may 
corrupt data at the currently addressed location, 


M48Z32, M48Z32Y 


but does not jeopardize the rest of the RAM’s 
content. At voltages below Vprp(min), the user can 
be assured the memory will be in a write protected 
State, provided the Vcc fall time is not less than tr. 
The M48Z32/32Y may respond to transient noise 
spikes on Vcc that reach into the deselect window 
during the time the device is sampling Vcc. There- 
fore, decoupling of the power supply lines is rec- 
ommended. 


When Vcc drops below Vso, the control circuit 
switches power to the internal battery which pre- 
serves data. The internal button cell will maintain 
data in the M48Z32/32Y for an accumulated period 
of at least 10 years when Vcc is less than Vso. As 
system power returns and Vcc rises above Vso, the 
battery is disconnected, and the power supply is 
switched to external Vcc. Write protection contin- 
ues until Vcc reaches Vprp(min). E should be kept 
high as Vcc rises past Vprp(min) to prevent inad- 
vertent write cycles prior to processor stabilization. 
Normal RAM operation can resume trec after Vcc 
exceeds VpFp(max). 


SYSTEM BATTERY LIFE 


The useful life of the battery in the M48Z32/32Y is 
expected to ultimately come to an end for one of 


Figure 10. Predicted Battery Storage and Capacity Life versus Temperature 
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SYSTEM BATTERY LIFE (cont'd) 


two reasons: either because it has been dis- 
charged while providing current to the RAM in the 
battery back-up mode, or because the effects of 
aging render the cell useless before it can actually 
be completely discharged. The two effects are 
virtually unrelated allowing discharge, or Capacity 
Consumption, and the effects of aging, or Storage 
Life, to be treated as two independent but simulta- 
neous mechanisms. The earlier occurring failure 
mechanism defines the battery system life of the 
M48Z32/32Y. 


Cell Storage Life 


Storage life is primarily a function of temperature. 
Figure 10 illustrates the approximate storage life of 
the M48Z32/32Y battery over temperature. The 
results in Figure 10 are derived from temperature 
accelerated life test studies performed at SGS- 
THOMSON. For the purpose of the testing, a cell 
failure is defined as the inability of a cell stabilized 
at 25°C to produce a 2.4V closed circuit voltage 
across a 250 kQ load resistor. The two lines, tix 
and tso0%, represent different failure rate distribu- 
tions for the cell's storage life. At 70°C, for example, 
the ti% line indicates that an M48Z32/32Y has a 1% 
chance of having a battery failure 11 years into its 
life while the tso% shows the part has a 50% chance 
of failure at the 20 year mark. The ti line repre- 
sents the practical onset of wear out and can be 
considered the worst case Storage Life for the cell. 
The ts0% Can be considered the normal or average 
life. 


Cell Capacity Life 


Figure 10 also shows how Capacity Consumption 
varies with temperature. 


The M48Z32/32Y internal cell has a rated capacity 
of 39mAh. The device places a nominal RAM load 
of less than 445nAat 70°C. At this rate, the capacity 
consumption life is 39E-3/445E-9 = 87640 hours or 
about 10 years. 


Calculating Capacity Life 


As long as ambient temperature remains reason- 
ably constant, capacity consumption life can be 
estimated directly from Figure 8. As Vcc duty cycle 
increases, though, so does capacity consumption 
life. At 70°C and 20% power on duty cycle, the 
capacity consumption life is: 10/(1-0.20) = 12.5 
years. 


Estimated System Life 


Since either storage life or capacity consumption 
can end the battery’s life, the system life is marked 
by which ever occurs first. At 70°C and a 0% power 
on duty cycle (always in the battery back-up mode), 
the system life would be 10 years as limited by 
capacity consumption. 


Reference for System Life 


Each M48Z32/32Y is marked with a nine digit 
manufacturing date code in the form of 
H99XXYYZZ. For example, H995B92371 is: 


— H = fabricated in Carrollton, TX 

— 9=assembled in Muar, Malaysia, 
— 9=tested in Muar, Malaysia, 

— 5B = lot designator, 


— 9231 = assembled in the year 1992, work 
week 31. 
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ORDERING INFORMATION SCHEME 


Example: M48Z32Y -85 PC 1 
Supply Voltage and [ae | _ oe Temperature Range 
Write Protect Voltage 
Vcc = 4.75V to 5.5V -8 me... We 0 to 70°C 
Vprp = 4.5V to 4.75V 400 400ns 


32Y Vcc = 4.5V to 5.5V 
Vprp = 4.2V to 4.5V 


For a list of available options (Package and Speed) refer to the Selector Guide in this Data Book or to the 
current Memory Shortform catalogue. 


For further information or any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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CMOS 32K x 8 ZEROPOWER SRAM 


=» INTEGRATED LOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT and 
BATTERY 


» CONVENTIONAL SRAM OPERATION; 
UNLIMITED WRITE CYCLES 


® 10 YEARS of DATA RETENTION in the 
ABSENCE of POWER 


=» PIN and FUNCTION COMPATIBLE with 
JEDEC STANDARD 32K x 8 SRAMs 


=» AUTOMATIC POWER-FAIL CHIP DESELECT 


and WRITE PROTECTION Bae aren 
= CHOICE of TWO WRITE PROTECT 

VOLTAGES: 

— M48Z30: 4.5V < Vprp < 4.75V 

— M48Z30Y: 4.2V < Vprp < 4.50V Figure 1. Logic Diagram 


= BATTERY INTERNALLY ISOLATED UNTIL 
POWER |S APPLIED 


DESCRIPTION 


The M48Z30/30Y 32K x 8 ZEROPOWER® RAM is 
a non-volatile 262,144 bit Static RAM organized as 
32,768 words by 8 bits. The device combines an 
internal lithium battery and a full CMOS SRAM ina 
plastic 28 pin DIP Module. The ZEROPOWER 


Table 1. Signal Names M48Z30 
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Table 2. Absolute Maximum Ratings 


Ambient Operating Temperature 0 to 70 
Storage Temperature (Vcc Off) —40 to 70 


Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below —0.3 volts are not allowed on any pin while in the Battery Back-up mode. 


Table 3. Operating Modes 


| mode | voc =| = | & | W_  |paopa7| Power 
Deselect High Z Standby 
4.75V to 5.5V 
of 
arene 
ee ee ee ee 


High Z 
Vso to Verb (min) High Z CMOS Standby 
High Z_| Battery Back-up Mode 


Note: X = Vip or Vit 


X 
X 


Figure 2. DIP Pin Connections DESCRIPTION (cont'd) 


RAM directly replaces industry standard SRAMs. It 
also fits into many EPROM and EEPROM sockets, 
providing the nonvolatility of PROMs without any 
requirement for special write timing or limitations 
on the number of writes that can be performed. 


The M48Z30/30Y has its own Power-fail Detect 
Circuit. The control circuitry constantly monitors the 
single 5V supply for an out of tolerance condition. 
When Vcc is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
M48250 99 security in the midst of unpredictable system op- 
M48Z350Y erations brought on by low Vcc. As Vcc falls below 
approximately 3V, the contro! circuitry connects the 
battery which sustains data until valid power re- 
turns. 


CON OM BW BN 
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READ MODE 


The M482Z30/30Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
VA01118 The device architecture allows ripple-through ac- 
cess of data from eight of 262,144 locations in the 
static storage array. Thus, the unique address 
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Figure 3. Block Diagram 
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specified by the 15 Address Inputs defines which 
one of the 32,768 bytes of data is to be accessed. 
Valid data will be available at the Data I/O pins 
within tavav (Address Access Time) after the last 
address input signal is stable, providing that the E 
and G (Output Enable) access times are also sat- 
isfied. If the E and G access times are not met, valid 
data will be available after the later of Chip Enable 
Access Time (teLav) or Output Enable Access Time 
(taLav). 

The state of the eight three-state Data I/O signals 
is controlled by E and G. If the outputs are activated 
before tavav, the data lines will be driven to an 
indeterminate state until tavav. If the Address In- 
puts are changed while E and G remain low, output 
data will remain valid for taxax (Output Data Hold 
Time) but will go indeterminate until the next Ad- 
dress Access. 


WRITE MODE 


The M48Z30/30Y is in the Write Mode whenever W 
and E are active. The start of a write is referenced 
from the latter occurring falling edge of W or E. 
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32,/68 x 8 
GQ SRAM ARRAY 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 4. AC Testing Load Circuit 


DEVICE 
UNDER 
TEST 


Cy includes JIG capacitance 
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Table 4. Capacitance 2) (Ta = 25 °C, f= 1 MHz) 


Cio (3) 
Notes: 1. Effective capacitance measured with power supply at 5V. 
2. Sampled only, not 100% tested. 
3 Outputs deselected 


Table 5. DC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


Input Leakage Current OV < Vin S$ Vcc 
” Output Leakage Current OV < Vout < Vcc a 


Supply Current E = Vi, Outputs open 


Supply Current (Standby) TTL E=Vin 


a a 
TY matting | Sd eso fv 
Tea ouputtowvaage | ewan ||P 


Note: 1. Outputs deselected. 


Table 6. Power Down/Up Trip Points DC Characteristics ™ (Ta = 0 to 70°C) 


omen [ean Siw | tp | ue | um 
a 


Notes: 1. All voltages referenced to Vss. 
2. @ 25°C 
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Table 7. Power Down/Up Mode AC Characteristics (Ta = 0 to 70°C) 


| symbot | Parameter | in | ax | unit 

eM) Vprp (max) to Verp (min) Vcc Fall Time | so | | os _ | 
= Vprp (min) to Vso Vcc Fall Time re oe 
2 ion ae 
| ta |VsotoVero(max)VocniseTme | | Ts 
| tes |ERecoweytme ||| 


Notes: 1. VpFp (max) to VpFp (min) fall time of less than tr may result in deselection/write protection not occurring until 200 ps after 
Vcc passes VpFp (min). 


2. VpFpD (min) to Vso fall time of less than trg may cause corruption of RAM data. 


Figure 5. Power Down/Up Mode AC Waveforms 
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Table 8. Read Mode AC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


a | 30Y 
Symbol Parameter 


| tava | Read FReadcycleTme = sid Time 


Cay coe aa a eS os 
ee 
Pe osrtateteoettonie——[ P| 
Pee [oupatats ww OuputTanston fs 
Ttwoe™ [chnemergnwounainz +d 
Fee [ouatrabievighiooumaiez «tid 
[woe [Aten Traore | 0 


Notes: 1. C_ = 100pF (see Figure 4). 
2. CL = 5pF (see Figure 4) 


Figure 6. Address Controlled, Read Mode AC Waveforms 
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Note: E = Low, G=Low, W=High. 
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Figure 7. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 


tAVQV 


tELQV 


tELQX mad 


tGLQV 


DQO0—-DQ7 


Note: W= High. 


WRITE MODE (cont'd) 


Awrite is terminated by the earlier rising edge of W 
or E. The addresses must be held valid throughout 
the cycle. E or W must return high for minimum of 
teHAx from E or twHax from W prior to the initiation 
of another read or write cycle. Data-in must be valid 
tovwu prior to the end of write and remain valid for 
twHpx Or teHpx afterward. G should be kept high 
during write cycles to avoid bus contention; al- 
though, if the output bus has been activated by a 
low on E and G, a low on W will disable the outputs 
twiaz after W falls. 


DATA RETENTION MODE 


With valid Vcc applied, the M48Z30/30Y operates 
as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 
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automatically power-fail deselect, write protecting 
itself twp after Vcc falls below Vprp. All outputs 
become high impedance, and all inputs are treated 
as "don’t care." 


If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp, 
write protection takes place. When Vcc drops be- 
low Vso, the control circuit switches power to the 
internal energy source which preserves data. 


The internal coin cell will maintain data in the 
M48Z30/30Y after the initial application of Vcc for 
an accumulated period of at least 10 years when 
Vcc is less than Vso. As system power returns and 
Vcc rises above Vso, the battery is disconnected, 
and the power supply is switched to external Vcc. 
Write protection continues for ter after Vcc reaches 
Vprp to allow for processor stabilization. After ter, 
normal RAM operation can resume. 
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Table 9. Write Mode AC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


M48Z30 / 30Y 
Fim [ti 


wow [wicceeme i ws | 
ne | Aitss vic owaoeravere |e | | 0 | | = 
twee | itssvae crn eootow | 0 | | 0 | | = 
wane [wicenioPusewian dt ws | | es || 
eas | ip Enatie tow ocno erasers |= || © | | 
Tne | We Eat gh wads Tarsion [8 
Teun | tina igh oats Tnston | 18 
ee es 
eee [ rato chipEneborgh | 
woe | Wi rable Hgh pu Tension 
Dab = 
i 
— 
Te 


Notes: 1. C__= 5pF (see Figure 4) _ = 
2. If E goes low simultaneously with W going low after W going low, the outputs remain in the high-impedance state 
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Figure 8. Write Enable Controlled, Write AC Waveforms 
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Note: G=High. 


Figure 9. Chip Enable Controlled, Write AC Waveforms 
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Note: G=High. 
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ORDERING INFORMATION SCHEME 


Example: M48Z30Y -85 PM 
Supply Voltage and a a... ae Temperature Range 
Write Protect Voltage 
30 3 Vcc = 4.75V to 5.5V -8 a. eee 1 0 to 70°C 
Vprp = 4.5V to 4.75V 100 400ns 


30Y Vcc = 4.5V to 5.5V 
Vprp = 4.2V to 4.5V 


For a list of available options (Package and Speed) refer to the Selector Guide in this Data Book or to the 
current Memory Shortform catalogue. 


For further information or any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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CMOS 128K x 8 ZEROPOWER SRAM 


=» INTEGRATED LOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT and 
BATTERY 


=» CONVENTIONAL SRAM OPERATION; 
UNLIMITED WRITE CYCLES 


=» 10 YEARS of DATA RETENTION in the 
ABSENCE of POWER 


# PIN and FUNCTION COMPATIBLE with 
JEDEC STANDARD 128K x 8 SRAMs 


» AUTOMATIC POWER-FAIL CHIP DESELECT 


and WRITE PROTECTION meni eee 
= CHOICE of TWO WRITE PROTECT 

VOLTAGES: 

— M48Z128: 4.5V < Vprp < 4.75V 

— M482Z128Y: 4.2V < Vprp < 4.50V Figure 1. Logic Diagram 


as BATTERY INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED 


DESCRIPTION 


The M482Z128/128Y 128K x 8 ZEROPOWER® 
RAM is a non-volatile 1,048,576 bit Static RAM 
organized as 131,072 words by 8 bits. The device 
combines an internal lithium battery and a full 
CMOS SRAM in a plastic 32 pin DIP Module. 


Table 1. Signal Names M48Z128 
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os 


December 1993 1/10 
961 


M482Z128Y 


©) 


VA01194 


M482Z128, M48Z128Y 


Table 2. Absolute Maximum Ratings 


[Parameter Maw Ut 
Ambient Operating Temperature 0 to 70 
Storage Temperature (Vcc Off) —40 to 70 = ae 


Temperature Under Bias —10 to 70 . 
Lead Soldering Temperature for 10 seconds 260 : 


Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below —0 3 volts are not allowed on any pin while in the Battery Back-up mode. 


Table 3. Operating Modes 


4.75V 2 5.5V E ooae 4 
4.5V to 5.5V 


Note: X = Vin or VIL 


Figure 2. DIP Pin Connections DESCRIPTION (cont'd) 
The ZEROPOWER RAM directly replaces industry 
standard SRAMs. It also fits into many EPROM and 
a2 EEPROM sockets, providing the nonvolatility of 
31 PROMs without any requirement for special write 
30 timing or limitations on the number of writes that 
can be performed. 
= The M48Z128/128Y has its own Power-fail Detect 
28 Circuit. The control circuitry constantly monitors the 
2/ single 5V supply for an out of tolerance condition. 
7 6 When Vcc is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
8 M48Z128 29 security in the midst of unpredictable system op- 
Q M482Z128Y 24 erations brought on by low Vcc. As Vcc falls below 
10 23 approximately 3V, the control circuitry connects the 
battery which sustains data until valid power re- 
7 22 turns. 
12 21 
- READ MODE 
15 18 The M482128/128Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
16 i The device architecture allows ripple-through ac- 


cess of data from eight of 1,048,576 locations in 
the static storage array. Thus, the unique address 
specified by the 17 Address Inputs defines which 


VA01195 
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Figure 3. Block Diagram 


VOLTAGE SENSE 
AND 
SWITCHING 
CIRCUITRY 


INTERNAL 
BATTERY 


one of the 131,072 bytes of data is to be accessed. 
Valid data will be available at the Data I/O pins 
within tavav (Address Access Time) after the last 
address input signal is stable, providing that the E 
and G (Output Enable) access times are also sat- 
isfied. If the E and G access times are not met, valid 
data will be available after the later of Chip Enable 
Access Time (teLav) or Output Enable Access Time 
(teLav). 

The state of the eight three-state Data I/O signals 
is controlled by E and G. If the outputs are activated 
before tavav, the data lines will be driven to an 
indeterminate state until tavav. If the Address In- 
puts are changed while E and G remain low, output 
data will remain valid for taxax (Output Data Hold 
Time) but will go indeterminate until the next Ad- 
dress Access. 


WRITE MODE 


The M482128/128Y is in the Write Mode whenever 
W and E are active. The start of a write is refer- 
enced from the latter occurring falling edge of W or 
E. Awrite is terminated by the earlier rising edge of 
W or E. 
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1a OF 2: 3C-8 
GQ SRAM ARRAY 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times 
Input Pulse Voltages 
Input and Output Timing Ref. Voltages 


< 5ns 
0 to 3V 
1.5V 


Note that Output Hi-Z is defined as the point where data 


is no longer driven. 


Figure 4. AC Testing Load Circuit 


DEVICE 
UNDER 
TEST 


i ames CL /OOpF or SpF 


al 


Cy includes JIG capacitance 
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Table 4. Capacitance 2) (Ta = 25 °C, f = 1 MHz) 


Notes: 1. Effective capacitance measured with power supply at 5V. 
2. Sampled only, not 100% tested. 
3. Outputs deselected 


Table 5. DC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


[sims [poems [tence [nn [ae [vt 
Ti | eptteotage Coron evsvnsveo ft | a 
1s oupu tape Owen | veVonsver [| are 
te faeces | [oe 
a a es 
a Cr Ce 
[va [ouputtowvetage | tweaima | if ew | 
vow [ouch vgs | mewtma | ae || 


Note: 1. Outputs deselected. 


Table 6. Power Down/Up Trip Points DC Characteristics ™ (Ta = 0 to 70°C) 


Power-fail Deselect Voltage (M48Z128) te 
VPFD Power-fail Deselect Voltage (M48Z128Y) 


| Veo Battery Back-up Switchover Voltage 
| ton | Data Retention Time 


Notes: 1. All voltages referenced to Vss. 
2. @ 25°C 
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Table 7. Power Down/Up Mode AC Characteristics (Ta = 0 to 70°C) 


te) Vprp (max) to Vprp (min) Vcc Fall Time | 300 | Ts 
Veep (min) to Vso Vcc Fall Time a 
wr | Wie Poa Tinetom Voonvw | ws 
fae | Vso to Vprp (max) Vcc Rise Time Poo ffs 
[en [Emonentie CY me 


Notes: 1. VpFp (max) to Verb (min) fall time of less than tr may result in deselection/write protection not occurring unti! 200 ps after 
Vcc passes Vprfp (min). 


2. VPFD (min) to Vso fall time of less than tra may cause corruption of RAM data. 


Figure 5. Power Down/Up Mode AC Waveforms 
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Table 8. Read Mode AC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


M48Z128 / 128Y 
Symbol! Parameter 


Min 
| twov' | Adcress Valdto Outputvaid || 
[teow | chipenabietowioOuputvaid ||| 
| tov | OutputEnableLowtoOutputvaid || aT 
: pe Le 

po 

a 

Lod 


: 
; 
1 

Address Transition to Output Transition 


Notes: 1. C_ = 100pF (see Figure 4). 
2. CL = 5pF (see Figure 4) 


Figure 6. Address Controlled, Read Mode AC Waveforms 


DQO—DQ7 DATA VALID 
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Note: E= Low, G= Low, W = High. 
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Figure 7. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 
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Note: W=High. 


WRITE MODE (cont'd) 


The addresses must be held valid throughout the 
cycle. E or W must return high for minimum of teHax 
from E or twHax from W prior to the initiation of 
another read or write cycle. Data-in must be valid 
tovw prior to the end of write and remain valid for 
twHbx Or teHpx afterward. G should be kept high 
during write cycles to avoid bus contention; al- 
though, if the output bus has been activated by a 
low on E and G, alow on W will disable the outputs 
twiaz after W falls. 


DATA RETENTION MODE 


With valid Vcc applied, the M48Z128/128Y oper- 
ates as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 
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tAXQX 


VA01197 


itself twp after Vcc falls below Vprp. All outputs 
become high impedance, and all inputs are treated 
as "don’t care." 


If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp, 
write protection takes place. When Vcc drops be- 
low Vso, the control circuit switches power to the 
internal energy source which preserves data. 


The internal coin cell will maintain data in the 
M48Z128/128Y after the initial application of Vcc 
for an accumulated period of at least 10 years when 
Vcc is less than Vso. As system power returns and 
Vcc rises above Vso, the battery is disconnected, 
and the power supply is switched to external Vcc. 
Write protection continues for ter after Vcc reaches 
Vpep to allow for processor stabilization. After ter, 
normal RAM operation can resume. 
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Table 9. Write Mode AC Characteristics (Ta =0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


NMi48Z128 / 128Y 
Symbol Parameter 


woe | We Ena igh oiputanin [0 | | 0 | | 
aor ono Eratie into paterson | vo | | | 

Tinss"™ [wie enetovecupainz [| || | 
tone | ass vad ower |= | | wo |_| me 
wr | Ass vaidtocrineabovign |r | | 10 | | me 
Tor" | witb ign oOupu teen | 0 | |e | | 


Notes: 1. C_= 5pF (See Figure 4). = a 
2. If E goes low simultaneously with W going low after W going low, the outputs remain in the high-impedance state. 
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Figure 8. Write Enable Controlled, Write AC Waveforms 


tWHOX 
tDVWH —>— tWHDX 


DQ0—-DQ7 DATA INPUT 


VA01198 


Note: G= High. 


Figure 9. Chip Enable Controlled, Write AC Waveforms 


pene tAVAV a 
VALID 


tAVEH 


tAVEL = tEHAX 


DQO0—DQ7 DATA INPUT 


tDVEH —— 
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Note: G=High. 
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ORDERING INFORMATION SCHEME 


Example: M482Z128Y -85 PM 1 
Supply Voltage and = | Temperature Range 
Write Protect Voltage 
128 Voc = 4.75V to 5.5V -8 a heeeaeerd 0 to 70°C 
Vpep = 4.5V to 4.75V -120 420ns 


128Y Vcc = 4.5V to 5.5V 
Vpep = 4.2V to 4.5V 


For a list of available options (Package and Speed) refer to the Selector Guide in this Data Book or to the 
current Memory Shortform catalogue. 


For further information or any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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{ SGS-THOMSON M482256 
IF, MICROELECTRONICS M48Z256Y 


CMOS 256K x 8 ZEROPOWER SRAM 


=» INTEGRATED LOW POWER SRAMs, 
POWER-FAIL CONTROL CIRCUIT and 
BATTERIES 


» CONVENTIONAL SRAM OPERATION; 
UNLIMITED WRITE CYCLES 


=# 10 YEARS of DATA RETENTION in the 
ABSENCE of POWER 


=» PIN and FUNCTION COMPATIBLE with 
JEDEC STANDARD 256K x 8 SRAMs 


» AUTOMATIC POWER-FAIL CHIP DESELECT 


and WRITE PROTECTION ers icc (PL) 
= CHOICE of TWO WRITE PROTECT 

VOLTAGES: 

— M48Z256: 4.5V < Vpep < 4.75V 

— M48Z256Y: 4.2V < Vprp < 4.50V Figure 1. Logic Diagram 


= BATTERIES INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED 


DESCRIPTION 


The M48Z256/256Y 256K x 8 ZEROPOWER® 
RAM is a non-volatile 2,097,152 bit Static RAM 
organized as 262,144 words by 8 bits. The device 
combines two internal lithium batteries and full 
CMOS SRAMs in a plastic 32 pin DIP long Module. 


Table 1. Signal Names M48Z256 


oe 
a wm erie — 
oe ee 
a 
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m 
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Table 2. Absolute Maximum Ratings 


[tere [Storage Tenpeatre Veco) Sid ow 


Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below —0 3 volts are not allowed on any pin while in the Battery Back-up mode. 


Table 3. Operating Modes 


i 

evo | M Me | Dw | Aetve 
eer 
i 
| Deselect | VsotoVero(min) | x | x |X| Highz | CMOSSStandby | 


Note: X = Vin or VIL 


Figure 2. DIP Pin Connections DESCRIPTION (cont’d) 


The ZEROPOWER RAM directly replaces industry 
standard SRAMS. It also fits into many EPROM and 


32 EEPROM sockets, providing the nonvolatility of 
34 PROMs without any requirement for special write 
timing or limitations on the number of writes that 
50 can be performed. 
29 The M48Z256/256Y has its own Power-fail Detect 
28 Circuit. The control circuitry constantly monitors the 
a7 single 5V supply for an out of tolerance condition. 
7 26 When Vcc is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
8 M48Z256 25 security in the midst of unpredictable system op- 
Q M48Z256Y 94 erations brought on by low Vcc. As Vcc falls below 
10 23 approximately 3V, the control circuitry connects the 
= batteries which sustain data until valid power re- 
1 22 turns. 
12 21 
e READ MODE 


14 19 


15 18 The M48Z256/256V is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
16 17 The device architecture allows ripple-through ac- 
cess of data from eight of 2,097,152 locations in 
the static storage array. Thus, the unique address 


specified by the 18 Address Inputs defines which 


VA01211 
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Figure 3. Block Diagram 


VOLTAGE SENSE 
AND 


SWITCHING 
CIRCUITRY 


INTERNAL 
BATTERIES 


one of the 262,144 bytes of data is to be accessed. 
Valid data will be available at the Data I/O pins 
within tavav (Address Access Time) after the last 
address input signal is stable, providing that the E 
and G (Output Enable) access times are also sat- 
isfied. If the E and G access times are not met, valid 
data will be available after the later of Chip Enable 
Access Time (teLav) or Output Enable Access Time 
(taLav). 


The state of the eight three-state Data I/O signals 
is controlled by E and G. If the outputs are activated 
before tavav, the data lines will be driven to an 
indeterminate state until tavav. If the Address In- 
puts are changed while E and G remain low, output 
data will remain valid for taxax (Output Data Hold 
Time) but will go indeterminate until the next Ad- 
dress Access. 


WRITE MODE 


The M482256/256Y is in the Write Mode whenever 
W and E are active. The start of a write is refer- 
enced from the latter occurring falling edge of W or 
E. Awrite is terminated by the earlier rising edge of 
Wor E. 


M482Z256, M48Z256Y 


2 BLOCKS 
VS1WOF2- XS 


G SRAM ARRAY 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times 
Input Pulse Voltages 
Input and Output Timing Ref. Voltages 


Note that Output Hi-Z is defined as the point where data 


is no longer driven. 


Figure 4. AC Testing Load Circuit 


a. 
' 1 9k 


DEVICE 
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UNDER 
TEST 
pores fp 1 019)0) caero amr el 


a 


C, includes JIG capacitance 
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Table 4. Capacitance (+2) (Ta = 25 °C, f = 1 MHz) 


Symbol Test Condition 


i Oe. | Input Capacitance 


C 


IN 
Input / Output Capacitance 


Notes: 1. Effective capacitance measured with power supply at 5V. 
2. Sampled only, not 100% tested. 
3. Outputs deselected 


Table 5. DC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


Supply Current 


Note: 1. Outputs deselected. 


Table 6. Power Down/Up Trip Points DC Characteristics ™) (Ta = 0 to 70°C) 


Parameter 
of 


Data Retention Time 


Notes: 1. All voltages referenced to Vss. 
2. 


5°C 
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Table 7. Power Down/Up Mode AC Characteristics (Ta = 0 to 70°C) 


Tsymbor [Parameter || oun 

te) Vprp (max) to Vprp (min) Vcc Fall Time | 300 |] 
a a 
a a ee 


Notes: 1. VpFp (max) to Verb (min) fall time of less than tr may result in deselection/write protection not occurring unti! 200 us after 
Vcc passes Vprp (min). 


2. VPFD (min) to Vso fall time of less than t-g may cause corruption of RAM data. 


Figure 5. Power Down/Up Mode AC Waveforms 


MGC 
VPFD(max) 


VPFD(min) 
VSO 


tER 


DON’T CARE RECOGNIZED 


OUTPUTS 


VALID VALID 
(PER CONTROL INPUT) (PER CONTROL INPUT) 


VA01031 
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Table 8. Read Mode AC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


—— | 256Y 
Symbol Parameter 


tetax 7 Output Enable Low to Output Transition — 
teHaz @ Chip Enable High to Output Hi-Z rs ns 


Output Enable High to Output Hi-Z 
Address Transition to Output Transition 


Notes: 1. C_ = 100pF (see Figure 4). 
2 Ci. = 5pF (see Figure 4) 


Figure 6. Address Controlled, Read Mode AC Waveforms 


DQO—DQ7 DATA VALID 


VA01213 


Note: E= Low, G = Low, W = High. 
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Figure 7. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 


tAVQV 


tELQV 


tELQX pees 


tGLQV 


tGLQxX 


DQO0—DQ7 


Note: W =High. 


WRITE MODE (cont'd) 


The addresses must be held valid throughout the 
cycle. E or W must return high for minimum of teHax 
from E or twHax from W prior to the initiation of 
another read or write cycle. Data-in must be valid 
tovw prior to the end of write and remain valid for 
tWHbx Or teHpx afterward. G should be kept high 
during write cycles to avoid bus contention; al- 
though, if the output bus has been activated by a 
low on E and G, a low on W will disable the outputs 
twLaz after W falls. 


DATA RETENTION MODE 


With valid Vcc applied, the M48Z256/256Y oper- 
ates as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 


tAVAV 


— 
LL 


= 


VA01214 


itself twe after Vcc falls below Vprp. All outputs 
become high impedance, and all inputs are treated 
as "don’t care." 


If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp, 
write protection takes place. When Vcc drops be- 
low Vso, the control circuit switches power to the 
internal energy source which preserves data. 


The internal coin cells will maintain data in the 
M48Z256/256Y after the initial application of Vcc 
for an accumulated period of atleast 10 years when 
Vcc is less than Vso. As system power returns and 
Vcc rises above Vso, the batteries are discon- 
nected, and the power supply is switched to exter- 
nal Vcc. Write protection continues for ter after Vcc 
reaches Vprp to allow for processor stabilization. 
After ter, normal RAM operation can resume. 
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Table 9. Write Mode AC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


M48Z256 / 256Y 
Symbol Parameter 


[ww [wie Gwietme SSC*dCs | 
[wn [aes vldiowneenabctow fe | +t 
wee [Ades vaidtoonpenabieiow «dt | iY 
tELEH Chip Enable Low to Chip Enable High 75 

E 
: 
: 
10 

75 

75 


n 


1 


3 
9) 


4 
4 


=) 
no 


0 
Notes: 1. C__= 5pF (see Figure 4). 


2. If E goes low simultaneously with W going low after Ww going low, the outputs remain in the high-impedance state. 


5 
5 
5 
0 


| 


5 
no 


ep) 


30 40 


5 
10 


” 
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Figure 8. Write Enable Controlled, Write AC Waveforms 


DQ0—DQ7 DATA INPUT 


VA01215 


Note: G=High 


Figure 9. Chip Enable Controlled, Write AC Waveforms 


DQO0—-DQ7 DATA INPUT 


VA01216 


Note: G-=High 
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ORDERING INFORMATION SCHEME 


Example: M48Z256Y -85 PL 
Supply Voltage and Lee ee Temperature Range 
Write Protect Voltage 
256 Vcc = 4.75V to 5.5V -8 hereon mi... 1 0 to 70°C 
Vprp = 4.5V to 4.75V 420 150 A8 


256Y Vcc = 4.5V to 5.5V 
Veep = 4.2V to 4.5V 


For a list of available options (Package and Speed) refer to the Selector Guide in this Data Book or to the 
current Memory Shortform catalogue. 


For further information or any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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{ SGS-THOMSON M462128 
IZ, MICROELECTRONICS M46Z128Y 


CMOS 128K x 16 ZEROPOWER SRAM 


» INTEGRATED LOW POWER SRAMs, 
POWER-FAIL CONTROL CIRCUIT and 
BATTERIES 


e CONVENTIONAL SRAM OPERATION; 
UNLIMITED WRITE CYCLES 


e» 10 YEARS of DATA RETENTION in the 
ABSENCE of POWER 


= PIN and FUNCTION COMPATIBLE with | qt | 
JEDEC STANDARD 128K x 16 SRAMs ct 
1 


= AUTOMATIC POWER-FAIL CHIP DESELECT 
and WRITE PROTECTION PMDIP40 (PM) 


Module 
= CHOICE of TWO WRITE PROTECT 
VOLTAGES: 


— M46Z128: 4.5V < Vprp < 4.75V 
— M462Z128Y: 4.2V < Vprp < 4.50V Figure 1. Logic Diagram 


# BATTERIES INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED 


DESCRIPTION 


The M462Z128/128Y 128K x 16 ZEROPOWER® 
RAM is a non-volatile 2,097,152 bit Static RAM 
organized as 131,072 words by 16 bits. The device 
combines two internal lithium batteries and full 
CMOS SRAMs in a plastic 40 pin DIP Module. 


Table 1. Signal Names M462128 


es oe 
a 
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Table 2. Absolute Maximum Ratings 


Ambient Operating Temperature 0 to 70 
Storage Temperature (Vcc Off) —40 to 70 


Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below —0.3 volts are not allowed on any pin while in the Battery Back-up mode. 


Table 3. Operating Modes 


|G |W | paopars | Power 
High Z Standby 


Vit Vit Vin 


Note: X = Vi or ViL 


4.75V to 5.5V 
af 
4.5V to 5.5V 


Figure 2. DIP Pin Connections DESCRIPTION (cont'd) 


The ZEROPOWER RAM directly replaces industry 
standard SRAMSs. It also fits into many EPROM and 


1 40 EEPROM sockets, providing the nonvolatility of 
2 39 PROMs without any requirement for special write 
3 38 timing or limitations on the number of writes that 
4 37 can be performed. 
S 36 The M46Z128/128Y has its own Power-fail Detect 
6 35 Circuit. The control circuitry constantly monitors the 
7 34 single 5V supply for an out of tolerance condition. 
8 33 When Vcc is out of tolerance, the circuit write 
9 32 protects the SRAM, providing a high degree of data 
10 M46Z128 31 security in the midst of unpredictable system op- 
11 M462128Y 39 erations brought on by low Vcc. As Vcc falls below 
a approximately 3V, the control circuitry connects the 
batteries which sustain data until valid power re- 
28 
turns. 
27 
26 
25 READ MODE 
. The M4621 28/128Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
ae The device architecture allows ripple-through ac- 
21 cess of data from sixteen of 2,097,152 locations in 
VA01225 the static storage array. Thus, the unique address 


specified by the 17 Address Inputs defines which 
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Figure 3. Block Diagram 


VOLTAGE SENSE 
AND 
SWITCHING WIOPZ & “16 
CIRCUITRY d SRAM ARRAY 


INTERNAL 
BATTERIES 


VA01226 


one of the 131,072 words of data is to be accessed. AC MEASUREMENT CONDITIONS 

Valid data will be available at the Data I/O pins 

within tavav (Address Access Time) after the last Input Rise and Fall Times < 5ns 
address input signal is stable, providing that the E Input Pulse Voltages 0 to 3V 
and G (Output Enable) access times are also sat- 

isfied. If the E and G access times are not met, valid ("PU 8N¢ Output Timing Ref. Voltages 1.5V 
data will be available after the later of Chip Enable Note that Output Hi-Z is defined as the point where data 
Access Time (teLav) or Output Enable Access Time is no longer driven. 

(taLav). 


The state of the sixteen three-state Data I/O signals 
is controlled by E and G. If the outputs are activated 
before tavav, the data lines will be driven to an 
indeterminate state until tavav. If the Address In- 
puts are changed while E and G remain low, output 
data will remain valid for taxax (Output Data Hold 
Time) but will go indeterminate until the next Ad- 
dress Access. DEVICE 


UNDER 


Figure 4. AC Testing Load Circuit 


WRITE MODE 


The M462Z128/128Y is in the Write Mode whenever 
W and E are active. The start of a write is refer- 
enced from the latter occurring falling edge of W or 


E. Awrite is terminated by the earlier rising edge of 
W or E. C) includes JIG capacitance 


VA01030 
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Table 4. Capacitance (:2) (Ta = 25 °C, f= 1 MHz) 


Notes: 1. Effective capacitance measured with power supply at 5V. 
2. Sampled only, not 100% tested. 
3. Outputs deselected 


Table 5. DC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


[symict | _Pavater ‘| ‘Test Gonaton [in [wax [ont 
[francine | rete; [ [2 [on 
ae eee ee 
cer [suey CorenSicoyrme [Ea | dt] mm 
a 
<— oe ei Eee 
Tu [mputignvetege Cid 
Tv [oupattow erage teem 
es 


Note: 1. Outputs deselected. 


Reese] 


Table 6. Power Down/Up Trip Points DC Characteristics ™ (Ta = 0 to 70°C) 


i 
eat Lak |e 
a 
ee 


Notes: 1. All voltages referenced to Vss. 


25°C 
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Table 7. Power Down/Up Mode AC Characteristics (Ta = 0 to 70°C) 


Vprp (max) to Verp (min) Vcc Fall Time 


Vprp (min) to Vso Vcc Fall Time 


Write Protect Time from Vcc = Vprp 


Notes: 1. VpFp (max) to VpFp (min) fall time of less than tf may result in deselection/write protection not occurring until 200 us after 
Voc passes VpFp (min). 


2. VPFpD (min) to Vso fall time of less than trg may cause corruption of RAM data. 


Figure 5. Power Down/Up Mode AC Waveforms 


"CC 
VPFD(max) 


VPFD(min) 
VSO 


DON'T CARE X RECOGNIZED 


OUTPUTS (per coNTROL INPUT) (PER CONTROL INPUT) 
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: 
) 
) 


“ 
( 
( 
( 
( 


Output Enable Low to Output Transition 


1 ‘ 
1 ‘ 
1 * 
(2) 


Output Enable Low to Output Valid a 


Output Enable High to Output Hi-Z 
Address Transition to Output Transition 


Notes: 1. C_ = 100pF (see Figure 4). 
2. CL = SpF (see Figure 4) 


Table 8. Read Mode AC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


Figure 6. Address Controlled, Read Mode AC Waveforms 


DQO-DQ15 DATA VALID 


VA01227 


Note: E = Low, G = Low, W= High. 
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Figure 7. Chip Enable or Qutput Enable Controlled, Read Mode AC Waveforms 


DQ0—DQ15 


Note: W= High. 


WRITE MODE (cont'd) 


The addresses must be held valid throughout the 
cycle. E or W must return high for minimum of teHax 
from E or twHax from W prior to the initiation of 
another read or write cycle. Data-in must be valid 
tovwu prior to the end of write and remain valid for 
tWHDx Or teHDx afterward. G should be kept high 
during write cycles to avoid bus contention; al- 
though, if the output bus has been activated by a 
low on E and G, a low on W will disable the outputs 
twLaz after W falls. 


DATA RETENTION MODE 


With valid Vcc applied, the M46Z128/128Y oper- 
ates as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 


tAVAV 


a 
— 


ad 


VA01228 


itself twe after Vcc falls below Vprp. All outputs 
become high impedance, and all inputs are treated 
as "don’t care." 


If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp, 
write protection takes place. When Vcc drops be- 
low Vso, the control circuit switches power to the 
internal energy source which preserves data. 


The internal coin cells will maintain data in the 
M46Z128/128Y after the initial application of Vcc 
for an accumulated period of at least 10 years when 
Vcc Is less than Vso. As system power returns and 
Vcc rises above Vso, the batteries are discon- 
nected, and the power supply is switched to exter- 
nal Vcc. Write protection continues for ter after Vcc 
reaches Vprp to allow for processor stabilization. 
After ter, normal RAM operation can resume. 
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Table 9. Write Mode AC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


M46Z128 / 128Y 
Symbol Parameter 


ain [a 
wr [wicceetme Cis 
ane [ nts vad izatctoy iY) 
twee [nats vid chipgrae tow || 
mane | Wie eels Puse wean ————SS=d es | 
<a 
ce 
ef 
Pe | 
Pe [ 


Pas | | 
Write Enable High to Input Transition i 0. eS 
[tox [chinembierighionmaanstin | | | |_| 
Fine" [witeenstielownodoaez | | @ || © | 
a 
a 
inex [we erbierentooumurension | o | | « | | 
) 


Notes: 1. C_= 5pF (see Figure 4). = =. 
2. If E goes low simultaneously with W going low after W going low, the outputs remain in the high-impedance state. 


Chip Enable Low to Chip Enable High 
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Figure 8. Write Enable Controlled, Write AC Waveforms 


DQO0—DQ15 DATA INPUT 


VA01229 


Note: G=High. 


Figure 9. Chip Enable Controlled, Write AC Waveforms 
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DQO0-—DQ15 DATA INPUT 
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Note: G= High. 
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ORDERING INFORMATION SCHEME 


Example: M46Z128Y -85 PM 1 
Supply Voltage and [oa ee Temperature Range 
Write Protect Voltage 
128 Vcc = 4.75V to 5.5V -8 oe. A WE. AE 0 to 70°C 
Vpep = 4.5V to 4.75V -120 420ns 


128Y Vcc = 4.5V to 5.5V 
Vprp = 4.2V to 4.5V 


For a list of available options (Package and Speed) refer to the Selector Guide in this Data Book or to the 
current Memory Shortform catalogue. 


For further information or any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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M482512 
M482Z512Y 


CMOS 512K x 8 ZEROPOWER SRAM 


=» INTEGRATED LOW POWER SRAMs, 
POWER-FAIL CONTROL CIRCUIT and 
BATTERIES 


es CONVENTIONAL SRAM OPERATION; 
UNLIMITED WRITE CYCLES 


# 5 YEARS of DATA RETENTION in the 
ABSENCE of POWER 


# PIN and FUNCTION COMPATIBLE with 
JEDEC STANDARD 512K x 8 SRAMs 


=» AUTOMATIC POWER-FAIL CHIP DESELECT 
and WRITE PROTECTION 


=» CHOICE of TWO WRITE PROTECT 
VOLTAGES: 
— M48Z512: 4.5V < Vpep < 4.75V 
— M48Z512Y: 4.2V < Vprp < 4.50V 


® BATTERIES INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED 


DESCRIPTION 


The M48Z512/512Y 512K x 8 ZEROPOWER® 
RAM is a non-volatile 4,194,304 bit Static RAM 
organized as 524,288 words-by 8 bits. The device 
combines two internal lithium batteries and full 
CMOS SRAMs in a plastic 32 pin DIP long Module. 


Table 1. Signal Names 


fe [ovens 


December 1993 


a 


PMLDIP32 (PL) 
Module 


Figure 1. Logic Diagram 


M482Z512 


M482Z512Y 


VA01217 
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Table 2. Absolute Maximum Ratings 


ee 
; 


A 
Lead Soldering Temperature for 10 seconds 
Input or Output Voltages —0.3 to 7 
Supply Voltage —0.3 to 7 


Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification ts not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below —0.3 volts are not allowed on any pin while in the Battery Back-up mode. 


Table 3. Operating Modes 


| 6 | W__ | dacvar 
a a High Z Standby 


Ww 
i 
Vi Vi 
3 
a 


4,75V to 5.5V 
Write 0 Vi | ow | Active 
4.5V to 5.5V 


Note: X = Vip or VIL 


High Z CMOS Standby 
High Z Battery Back-up Mode 


Figure 2. DIP Pin Connections DESCRIPTION (cont'd) 


The ZEROPOWER RAM directly replaces industry 
standard SRAMs. It also fits into many EPROM and 


32 EEPROM sockets, providing the nonvolatility of 
3] PROMs without any requirement for special write 
timing or limitations.on the number of writes that 
50 can be performed. 
29 The M48Z512/512Y has its own Power-fail Detect 
28 Circuit. The control circuitry constantly monitors the 
O77 single 5V supply for an out of tolerance condition. 
7 26 When Vcc is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
8 M48Z512 25 security in the midst of unpredictable system op- 
Q M48Z512Y 94 erations brought on by low Vcc. As Vcc falls below 
10 23 approximately 3V, the control circuitry connects the 
batteries which sustain data until valid power re- 
a 22 turns. 
the 21 
Me ae READ MODE 


14 RS, 


15 18 The M482Z512/512Y is in the Read Mode whenever 

W (Write Enable) is high and E (Chip Enable) is low. 
16 Wi The device architecture allows ripple-through ac- 
cess of data from eight of 4,194,304 locations in 
the static storage array. Thus, the unique address 
specified by the 19 Address Inputs defines which 


VA01218 
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Figure 3. Block Diagram 


VOLTAGE SENSE 
AND 
SWITCHING 
CIRCUITRY 


INTERNAL 
BATTERIES 


one of the 524,288 bytes of data is to be accessed. 
Valid data will be available at the Data 1/O pins 
within tavav (Address Access Time) after the last 
address input signal is stable, providing that the E 
and G (Output Enable) access times are also sat- 
isfied. Ifthe E and G access times are not met, valid 
data will be available after the later of Chip Enable 
Access Time (teLav) or Output Enable Access Time 
(taLav). 


The state of the eight three-state Data I/O signals 
is controlled by E and G. If the outputs are activated 
before tavav, the data lines will be driven to an 
indeterminate state until tavav. If the Address In- 
puts are changed while E and G remain low, output 
data will remain valid for taxax (Output Data Hold 
Time) but will go indeterminate until the next Ad- 
dress Access. 


WRITE MODE 


The M482Z512/512Y is in the Write Mode whenever 
W and E are active. The start of a write is refer- 
enced from the latter occurring falling edge of W or 
E. Awrite is terminated by the earlier rising edge of 
Wor E. 


Kyy BeSattionones 
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4 BLOCKS 


koigO72. xe a 


GQ SRAM ARRAY 


VA01219 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 4. AC Testing Load Circuit 


DEVICE 
UNDER OUT 
TEST 


memes © | =!OOpF or Spr 


ae 


C) includes JiG capacitance 


VA01030 
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Table 4. Capacitance 2) (Ta = 25 °C, f = 1 MHz) 


Test Condition 


Cin Input Capacitance 
(3) 
10 


C 


Input / Output Capacitance 


Notes: 1. Effective capacitance measured with power supply at 5V. 
2. Sampled only, not 100% tested. 
3. Outputs deselected 


Table 5. DC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


Input Leakage Current OV < Vin S$ Vcc ro at 
Output Leakage Current OV < Vout $ Vcc ae 
fee | Supply Current E = Vi_, Outputs open hl 

L : 


( _— 
H 2.4 


Output Low Voltage lo. = 2.1mA 


Power-fail Deselect Voltage (M48Z512) 


Notes: 1. All voltages referenced to Vss. 
2. @ 25°C 
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Table 7. Power Down/Up Mode AC Characteristics (Ta = 0 to 70°C) 


| symbol | Parameter, |_min | Max | Unit 
te) Vprp (max) to Verp (min) Vcc Fall Time | 300 | | ts 
Ne 
| twe | Wite Protect Time romVoc= Vero || 150 | 
tee Vso to Vprp (max) Vcc Rise Time Poo |] os | 
| tex | ERecoveryTime || tes 


Notes: 1. Vprp (max) to VpFp (min) fall time of less than tr may result in deselection/write protection not occurring until 200 us after 
Vcc passes Vprp (min). 


2. VPFD (min) to Vso fall time of less than tes may cause corruption of RAM data. 


Figure 5. Power Down/Up Mode AC Waveforms 


Vee 
VPFD(max) 


VPFD(min) 
VSO 


tER 


DON'T CARE RECOGNIZED 


OUTPUTS 


VALID VALIO 
(PER CONTROL INPUT) (PER CONTROL INPUT) 
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Tabie 8. Read Mode AC Characteristics (Ta =0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5. an 


M48Z512 ) maezeiz5t2v 512Y 
Symbol Parameter ee 


Min 
[tam | Readoyctetime 8 
| wor! | Address vatisto Ouputvais ||| 
| teiov | chip nade Low toourputvaid ||| 
Pi [omwenstonwousews |e | 
a ae 
eI 
ae 
| | 
| 10 | 


Notes: 1. C_ = 100pF (see Figure 4). 
2. C_ = 5pF (see Figure 4) 


Figure 6. Address Controlled, Read Mode AC Waveforms 


DQO0-—DQ7 DATA VALID 


VA01220 


Note: E =Low, G =Low, W = High. 
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Figure 7. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 


tAVAV 


i ak Se 
a = 


tAVQV 


tELQV 


tELQX ead 


tGLQV 


DQO—-DQ7 


Note: W = High. 


WRITE MODE (cont'd) 


The addresses must be held valid throughout the 
cycle. E or W must return high for minimum of teHax 
from E or twHax from W prior to the initiation of 
another read or write cycle. Data-in must be valid 
tovwu prior to the end of write and remain valid for 
twHpx Or teHpx afterward. G should be kept high 
during write cycles to avoid bus contention; al- 
though, if the output bus has been activated by a 
low on E and G, a low on W will disable the outputs 
twLaz after W falls. 


DATA RETENTION MODE 


With valid Vcc applied, the M48Z512/512Y oper- 
ates as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 


ky SGS-THOMSON 


(DATA OUT) OUT 


oe 


VA01221 


itself twp after Vcc falls below Vprp. All outputs 
become high impedance, and all inputs are treated 
as "don’t care." 


If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp, 
write protection takes place. When Vcc drops be- 
low Vso, the control circuit switches power to the 
internal energy source which preserves data. 


The internal coin cells will maintain data in the 
M482Z512/512Y after the initial application of Vcc 
for an accumulated period of at least 5 years when 
Vcc is less than Vso. As system power returns and 
Vcc rises above Vso, the batteries are discon- 
nected, and the power supply is switched to exter- 
nal Vcc. Write protection continues for ter after Vcc 
reaches Vprp to allow for processor stabilization. 
After ten, normal RAM operation can resume. 
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Table 9. Write Mode AC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


M48Z512 /512Y 


Notes: 1. Ci_= 5pF (see Figure 4). = i, 
2. If E goes low simultaneously with W going low after W going low, the outputs remain in the high-impedance state. 
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Figure 8. Write Enable Controlled, Write AC Waveforms 


DQ0—DQ7 DATA INPUT 


VA01222 


Note: G= High. 


Figure 9. Chip Enable Controlled, Write AC Waveforms 


tEHDX = 
DQO0—DQ7 DATA INPUT : 


tDVEH ead 


VA01225 


Note: G = High. 
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ORDERING INFORMATION SCHEME 


Example: M48Z512Y -85 PL 


Supply Voltage and eed ae Temperature Range 
Write Protect Voltage 
512 Voc = 4.75V to 5.5V -8 Ss... ‘<a 1 0 to 70°C 
Vprp = 4.5V to 4.75V -120 420ns 


512Y Voec = 4.5V to 5.5V 
Vprp = 4.2V to 4.5V 


For a list of available options (Package and Speed) refer to the Selector Guide in this Data Book or to the 
current Memory Shortform catalogue. 


For further information or any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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{ SGS-THOMSON M462256 
YF, MICROELECTRONICS M462256Y 


CMOS 256K x 16 ZEROPOWER SRAM 


=» INTEGRATED LOW POWER SRAMs, 
POWER-FAIL CONTROL CIRCUIT and 
BATTERIES 


a CONVENTIONAL SRAM OPERATION; 
UNLIMITED WRITE CYCLES 


= 5 YEARS of DATA RETENTION in the 
ABSENCE of POWER 


#® PIN and FUNCTION COMPATIBLE with 
JEDEC STANDARD 256K x 16 SRAMs 


» AUTOMATIC POWER-FAIL CHIP DESELECT 


and WRITE PROTECTION gee 
& CHOICE of TWO WRITE PROTECT 

VOLTAGES: 

— M46Z256: 4.5V < Vprp s 4.75V 

— M48Z256Y: 4.2V < Vprp < 4.50V Figure 1. Logic Diagram 


# BATTERIES INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED 


DESCRIPTION 


The M46Z256/256Y 256K x 16 ZEROPOWER® 
RAM is a non-volatile 4,194,304 bit Static RAM 
organized as 262,144 words by 16 bits. The device 
combines two internal lithium batteries and full 
CMOS SRAMs in a plastic 40 pin DIP Module. 


Table 1. Signal Names M46Z256 


a 


M46Z256Y |. 


VA01231 


December 1993 1/10 
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Table 2. Absolute Maximum Ratings 


Ambient Operating Temperature 
Storage Temperature (Vcc Off) 40 to 70 


Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below —0.3 volts are not allowed on any pin while in the Battery Back-up mode. 


Table 3. Operating Modes 


4.75V to 5.5V 
ee a a 


Note: X = Vip or Vit 


Figure 2. DIP Pin Connections DESCRIPTION (cont'd) 


The ZEROPOWER RAM directly replaces industry 
standard SRAMs. It also fits into many EPROM and 


1 40 EEPROM sockets, providing the nonvolatility of 
2 39 PROMs without any requirement for special write 
3 38 timing or limitations on the number of writes that 
‘ oe can be performed. 
5 36 The M462256/256Y has its own Power-fail Detect 
6 35 Circuit. The control circuitry constantly monitors the 
5 <2 single 5V supply for an out of tolerance condition. 
: - When Vcc is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
2 ee security in the midst of unpredictable system op- 
10 M46Z256 51 erations brought on by low Vcc. As Vcc falls below 
11 M462Z256Y 30 approximately 3V, the control circuitry connects the 
29 batteries which sustain data until valid power re- 
28 turns. 
27 
26 
- READ MODE 
24 The M46Z256/256Y is in the Read Mode whenever 
93 W (Write Enable) is high and E (Chip Enable) is low. 
3 The device architecture allows ripple-through ac- 
cess of data from sixteen of 4,194,304 locations in 
2} the static storage array. Thus, the unique address 
VA01232 specified by the 18 Address Inputs defines which 
a key SGS-THOMSON 
eS / Minicoclecnnonies 
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Figure 3. Block Diagram 


VOLTAGE SENSE 
AND 
SWITCHING 
CIRCUITRY 


INTERNAL 
BATTERIES 


one of the 262,144 words of data is to be accessed. 
Valid data will be available at the Data I/O pins 
within tavav (Address Access Time) after the last 
address input signal is stable, providing that the E 
and G (Output Enable) access times are also sat- 
isfied. If the E and G access times are not met, valid 
data will be available after the later of Chip Enable 
Access Time (teLav) or Output Enable Access Time 
(taLav). 


The state of the sixteen three-state Data I/O signals 
is controlled by E and G. If the outputs are activated 
before tavav, the data lines will be driven to an 
indeterminate state until tavav. If the Address In- 
puts are changed while E and G remain low, output 
data will remain valid for taxax (Output Data Hold 
Time) but will go indeterminate until the next Ad- 
dress Access. 


WRITE MODE 


The M462Z256/256V is in the Write Mode whenever 
W and E are active. The start of a write is refer- 
enced from the latter occurring falling edge of W or 
E. Awrite is terminated by the earlier rising edge of 
W or E. The addresses must be held valid through- 
out the cycle. 


‘STA SGS-THORMSON 


131,072 x 16K-——Y 


G SRAM ARRAY 
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AQ—A16 
2 BLOCKS 


YOO=DOTS 


VA01233 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 4. AC Testing Load Circuit 


DEVICE 
UNDER 
TEST 


OUT 


C,=100pF or 5pF 


C, includes JIG capacitance 


VA01030 
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Table 4. Capacitance “:2) (Ta = 25 °C, f = 1 MHz) 


Notes: 1. Effective capacitance measured with power supply at 5V. 
2. Sampled only, not 100% tested. 
3. Outputs deselected 


Table 5. DC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


[symoot [parameter [eat Conation [win [vox [vat 
[ufone | vats; [Pt Ton 
ea See a 
Tw [iettou vonage «dat 

a eo ae 
[va [ouputtow nye meta | 
[ver [outrish vote | twe-tma | aa | | 


Note: 1. Outputs deselected. 


Table 6. Power Down/Up Trip Points DC Characteristics ™ (Ta = 0 to 70°C) 


[sme [pee Te [oe Te [ot 
[vo | Power eso Votaoe saan) | as | 48 | a7 |v _ 
| Ver Power-fail Deselect Voltage (M46Z256Y) | a2 | 4a | 45 | ov | 
a 
a 


Notes: 1. All voltages referenced to Vss. 
2. @ 25°C 
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Table 7. Power Down/Up Mode AC Characteristics (Ta = 0 to 70°C) 


| symbol | Parameter | in | ax | Unit 

e (1) Vprp (max) to Verp (min) Vcc Fall Time | 30 | os 
OS a es a 2a 
| twe | Wite Protect TimetromVoo=Vero || 80 |_| 
| ta | Vso to Vprp (max) Vcc Rise Time Poo | fogs 
| ten [ERecoverytime | Tt Ts 


Notes: 1. VpFp (max) to VpFp (min) fall time of less than tr may result in deselection/write protection not occurring until 200 ps after 
Voc sues VPFD (min). 


2. VPFD (min) to Vso fall time of less than t-— may cause corruption of RAM data. 


Figure 5. Power Down/Up Mode AC Waveforms 


Voc 
VPFD(max) 


VPFD(min) 
VSO 


tER 


DON'T CARE RECOGNIZED 


VALID VALID 
OUTPUTS (per CONTROL INPUT) (PER CONTROL INPUT) 
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Table 8. Read Mode AC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


M46Z256 / 256Y 
Symbol Parameter | sf tz 


tava Read |ReadCycleTme = ssts—isdY Time 


fe 
Fy i ema Ge Se 
Paar" [orp tontwoupavand +i ws || eo 
Paar [oupazraveionwoupavard ‘| if | | 0 | mw 
oe ® [oupatzretieLovtecupatTonstin [0 | [0 | | wm 
Pier [chpzraverignoouounz +P | 
Pee [ouput Hehiooupaez + ips || os 
woe [Actress Tantin ooupuTeneion | | | | | w 


Notes: 1. C_ = 100pF (see Figure 4). 
2. CL = 5pF (see Figure 4) 


-_ 
ICRI 
— 


Figure 6. Address Controlled, Read Mode AC Waveforms 


DQO0-—DQ15 DATA VALID 


VA01234 


Note: E=Low, G=Low, W= High. 
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Figure 7. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 


tAVAV 


—— 


VALID 


tAVQV 
tELQV 


tELQX = 


tGLQV 


tGLQxX + 


DQO—-DQ15 


Note: W=High. 


WRITE MODE (cont'd) 


E or W must return high for minimum of teHax from 
E or twHax from W prior to the initiation of another 
read or write cycle. Data-in must be valid toyvwH 
prior to the end of write and remain valid for twHpx 
Or teHDx afterward. G should be kept high during 
write cycles to avoid bus contention; although, if the 
output bus has been activated by a low on E and 
G, a low on W will disable the outputs twiaz after 
W falls. 


DATA RETENTION MODE 


With valid Vcc applied, the M46Z256/256Y oper- 
ates as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 


STA SGS-THONSON 


> tLAXQX 
tEHQZ 


VA01235 


itself twp after Vcc falls below Vpep. All outputs 
become high impedance, and all inputs are treated 
as "don’t care." 


If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp, 
write protection takes place. When Vcc drops be- 
low Vso, the control circuit switches power to the 
internal energy source which preserves data. 


The internal coin cells will maintain data in the 
M46Z256/256Y after the initial application of Vcc 
for an accumulated period of at least 5 years when 
Voc is less than Vso. As system power returns and 
Vcc rises above Vso, the batteries are discon- 
nected, and the power supply is switched to exter- 
nal Vcc. Write protection continues for ter after Vcc 
reaches Vprp to allow for processor stabilization. 
After ter, normal RAM operation can resume. 


7/10 


MICROELECTRONICS 


1007 


M462256, M46Z256Y 


Table 9. Write Mode AC Characteristics (Ta =0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


M462Z256 / 256Y 
Symbol Parameter ee eee 


ww [wiegrietme Sid ws | we 
Twn Ass vletowaozeavecow | a 
twee | tes vet cripeasotow ‘to 
on wie erarupewien | s 
= 
ne 
= 


ae a ae 
eet [ rutvaio onpenio win ts | | ws |e 
[woe | Wie Eat igh otpuransion | 0 | | 0 | | ws 
wor | cierto paterson | wo | | wo || we 
iuae"® [witentctovinouraniz ———+| i | |e 
Tt [Aes vaetowite Enablers Ye || oo fe 
rn st 
[en [ wie Ente chou treo | 0 [| 0 | me 


Notes: 1. Ci_= 5pF (see Figure 4). 
2. If E goes low simultaneously with Ww going low after W going low, the outputs remain in the high- impedance state. 


8/10 
— ky7 S&S-THOMSON 


M462Z256, M46Z256Y 


Figure 8. Write Enable Controlled, Write AC Waveforms 


tDVWH 


VA01235 


Note: G=High. 


Figure 9. Chip Enable Controlled, Write AC Waveforms 


eee tAVAV a 
(xo 
tAVEH . 


DOO-DOlD DATA INPUT 


VA01237 


Note: G=High. 


ky7 S&S-THOMSON 


9/10 
1009 


M462256, M46Z256Y 


ORDERING INFORMATION SCHEME 


Example: M46Z256Y -85 PM 1 
Supply Voltage and [oe a ee Temperature Range 
Write Protect Voltage 
256 Vcc = 4.75V to 5.5V -8 bee bee DIP40 0 to 70°C 
Vprp = 4.5V to 4.75V 420 420ns 


256Y Vcc = 4.5V to 5.5V 
Vprp = 4.2V to 4.5V 


For a list of available options (Package and Speed) refer to the Selector Guide in this Data Book or to the 
current Memory Shortform catalogue. 


For further information or any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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MK41T56 


CMOS 64 x 8 SERIAL ACCESS TIMEKEEPER SRAM 


=» COUNTERS for SECONDS, MINUTES, 
HOURS, DAY, DATE, MONTH and YEARS 


» SOFTWARE CLOCK CALIBRATION 


# AUTOMATIC POWER FAIL DETECT and 
SWITCH CIRCUITRY 


a I?C BUS COMPATIBLE 
» 56 BYTES of GENERAL PURPOSE RAM 


» ULTRA-LOW BATTERY SUPPLY CURRENT of 
500nA 


» AVAILABLE with an OPERATING TEMPERA- 
TURE of —40 to 85 °C 


DESCRIPTION 


The MK41T56 TIMEKEEPER™ RAM is a low 
power 512 bit static CMOS RAM organized as 64 
words by 8 bits. A built-in 32.768 kHz oscillator 
(external crystal controlled) and the first 8 bytes of 
the RAM are used for the clock/calendar function 
and are configured in BCD format. Addresses and 
data are transferred serially via a two-line bi-direc- 
tional bus. The built-in address register is incre- 
mented automatically after each write or read data 
byte. The MK41T56 clock has a built-in power 
sense circuit which detects power failures and 
automatically switches to the battery supply during 
power failures. The energy needed to sustain the 
RAM and clock operations can be supplied from a 
small lithium button cell. 


Table 1. Signal Names 


December 1993 


PSDIP8 (N) 
0.4mm Frame 


SO8 (S) 
0.15mm Frame 


Figure 1. Logic Diagram 


OSCO 


MK417T56 SDA 


FT/OUT 


VA01061 
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Figure 2A. DIP Pin Connections Figure 2B. SO Pin Connections 


MK 417156 MK41 156 


VA00585B VA01062 


Table 2. Absolute Maximum Ratings 


symbol 


Ambient Operating Temperature 0 to 70 . 
—40 to 85 


ant 
| 
) 
| 
2 A 
W 


feo Supply Voltage —0.3 to 7 
| Po ___| Power Dissipation ee ee 


Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below —0.3 volts are not allowed on any pin while in the Battery Back-up mode. 


Table 3. Register Map 


Function/Range 


Address BCD Format 


o7 | oe | os | oe | os | oe | ot | oo 


01-31 


SO OO 
[7 fe[e[s| | [| | [| | com [ 


Keys: S = SIGN Bit; FT = FREQUENCY TEST Bit; ST = STOP Bit; OUT = Output level; X = Don’t care. 
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Figure 3. Block Diagram 


OSCl 
OSCILLATOR 
32 768 KHz 

OSCO 


FT/OUT 


Yeo POWER ON 
VSS RESET 


SERIAL 
BUS 
INTERFACE 


MK41T56 


DIVIDER 


CONTROL 


ADDRESS 
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DESCRIPTION (cont’d) 


Typical data retention time is in excess of 10 years 
with a 39 mA/h 8V lithium cell. The MK41T56 clock 
is supplied in 8 Pin Plastic Dual-in-Line and 8 pin 
Plastic Small Outline packages. 


OPERATION 


The MK41T56 clock operates as a slave device on 
the serial bus. Access is obtained by implementing 
a start condition followed by the correct address 
(DO). The 64 bytes contained in the device can then 
be accessed sequentially in the following order: 


1. Seconds Register 
2 Minutes Register 
3 Hours Register 
4 Day Register 

5: Date Register 

6 Month Register 
7 Years Register 
8. Control Register 
9 to 64. RAM 


VA00586B 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 4. AC Testing Load Circuit 


DEVICE 
UNDER 


C, includes JIG capacitance 


VA01019 
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Table 4. Capacitance ™ (T, = 25 °C, f= 1 MHz) 


Input Capacitance (SCL) 
Output Capacitance (SDA, FT/OUT) 


Notes: 1. Effective capacitance calculated from the equation C = IAt/AV with AV = 3V and power supply at 5V. 
2. Outputs deselected. 


Table 5. DC Characteristics (Ta = 0 to 70°C or —40 to 85°C; Vcc = 4.5V to 5.5V) 


a 
Tas | oupttenge Gaent | wavereien | | 
— 
a a ae 
vu Prputtowvee | as | 
ae a aE 
| 
2) 


Mit Input High Voltage 


lu 
ILo 
Vit 
Vin 
input Low Noles cot oe ee 
Ta = 25°C, Vcc = OV, 
Note: SGS-THOMSON recommends the RAYOVAC BR1225 or equivalent as the battery supply. 


Table 6. Power Down/Up Trip Points DC Characteristics) (Ts = 0 to 70°C or —40 to 85°C) 


Power-fail Deselect Voltage 1.22 Veat | 1.25 Veat | 1.28 Veat 


Note: 1. All voltages referenced to Vss. 


Table 7. Crystal Electrical Characteristics (Externally Supplied) 


te | Resonant Frequency aa 32.768 kHz 


fo 
ee 
Load Capacitance 


Notes: Load capacitors are internally supplied with the MK41T56. Circuit board layout considerations for the 32.768 kHz crystal of 
minimum trace lengths and isolation from RF generating signals should be taken into account. 


SGS-THOMSON recommends the ECS-.327-12.5-8SP-2 quartz crystal for industrial temperature operations. ESC Inc. can be 
contacted at 800-237-1041 or 913-782-7787 for further information on this crystal type. 
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Table 8. Power Down/Up Mode AC Characteristics (Ta = 0 to 70°C or —40 to 85°C) 


Te | SetandSoAatvntoeroweroom tof 
Te [Wrenn venVerante id ww 
[scLerdsoAatVnaterroverup ao | 


Figure 5. Power Down/Up Mode AC Waveforms 


DATA RETENTION TIME 
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Table 9. AC Characteristics (Ta = 0 to 70°C or —40 to 85°C; Vcc = 4.5V to 5.5V) 


Clock Low Period 


tHD STA 


tsu STA 


tsu pat‘) | Data fDataSetupTime = sss Time 
tHD DAT 


tsu sto 


Clock High Period 
SDA and SCL Rise Time 
SDA and SCL Fall Time 


START Condition Hold Time 

(after this period the first clock pulse is generated) 
START Condition Setup Time 

ae relevant for a repeated start condition) 


oe 
on 


Note: 1. Transmitter must internally provide a hold time to bridge the undefined region (800ns max.) of the falling edge of SCL. 


OPERATION (cont'd) 


The MK41T56 clock continually monitors Vcc for 
an out of tolerance condition. Should Vcc fall beiow 
Vprp the device terminates an access in progress 
and resets the device address counter. Inputs to 
the device will not be recognized at this time to 
prevent erroneous data from being written to the 
device from an out of tolerance system. When Vcc 
falls below Vat the device automatically switches 
over to the battery and powers down into an ultra 
low current mode of operation to conserve battery 
life. Upon power up the device switches from bat- 
tery to Vcc at Vaat and recognizes inputs when Vcc 
goes above Vpep volts. 


2-WIRE BUS CHARACTERISTICS 


This bus is intended for communication between 
different ICs. It consists of two lines: one bi-direc- 
tional for data signals (SDA) and one for clock 
signals (SCL). Both the SDA and the SCL lines 
must be connected to a positive supply voltage via 
a pull-up resistor. 


The following protocol has been defined: 


— Data transfer may be initiated only when the bus 
is not busy. 


6/11 
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— During data transfer, the data line must remain 
stable whenever the clock line is High. Changes 
in the data line while the clock line is High will be 
interpreted as control signals. 


Accordingly, the following bus conditions have 
been defined: 


Bus not busy. Both data and clock lines remain 
High. 


Start data transfer. A change in the state of the 
data line, from High to Low, while the clock is High, 
defines the START condition. 


Stop data transfer. A change in the state of the 
data line, from Low to High, while the clock is High, 
defines the STOP condition. 


Data valid. The state of the data line represents 
valid data when after a start condition, the data line 
is stable for the duration of the High period of the 
clock signal. The data on the line may be changed 
during the Low period of the clock signal. There is 
one clock pulse per bit of data. 


Each data transfer is initiated with a start condition 
and terminated with a stop condition. The number 
of data bytes transferred between the start and stop 
conditions is not limited. The information is trans- 
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Figure 6. Serial Bus Data Transfer Sequence 


DATA LINE 
STABLE 
DATA VALID 


CHANGE OF STOP 
CONDITION DATA ALLOWED CONDITION 


VA00587 


Figure 7. Acknowledgement Sequence 


CLOCK PULSE FOR 
ACKNOWLEDGEMENT 


SCLK FROM 
MASTER 


DATA OUTPUT 
BY TRANSMITTER 


DATA OUTPUT 
BY RECEIVER 


VA00588 


Figure 8. Bus Timing Requirements Sequence 


tHD: STA 


tSU. DAT tSU: STA 
tHD. DAT 


| 
| 
| 
| 
l 
| 
| 


r 
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2-WIRE BUS CHARACTERISTICS (cont'd) 


mitted byte-wide and each receiver acknowledges 
with a nineth bit. 


Within the bus specifications a low speed mode 
(2kHz clock rate) and a high speed mode (100kHz 
clock rate) are defined. The MK41T56 clock works 
in both modes. By definition a device that gives out 
a message is called "transmitter", the receiving 
device that gets the message is called "receiver". 
The device that controls the message is called 
"master". The devices that are controlled by the 
master are called "slaves". 


Acknowledge. Each byte of eight bits is followed 
by one acknowledge bit. This acknowledge bit is a 
low level put on the bus by the receiver whereas 
the master generates an extra acknowledge re- 
lated clock pulse. 


A slave receiver which is addressed is obliged to 
generate an acknowledge after the reception of 
each byte. Also a master receiver must generate 
an acknowledge after the reception of each byte 
that has been clocked out of the slave transmitter. 


The device that acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in 
such a way that the SDA line is a stable Low during 
the High period of the acknowledge related clock 
pulse. Of course, setup and hold times must be 
taken into account. A master receiver must signal 
an end of data to the slave transmitter by not 
generating an acknowledge on the last byte that 
has been clocked out of the slave. In this case the 
transmitter must leave the data line High to enable 
the master to generate the STOP condition. 


Figure 9. Slave Address Location 


| SLAVE ADDRESS i 
| | 


| | 


Fifi fol ifofojo| 
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WRITE MODE 


In this mode the master transmitter transmits to the 
MK41T56 slave receiver. Bus protocol is shown in 
Figure 10. Following the START condition and 
slave address, a logic ’0’ (R/W = 0) is placed on the 
bus and indicates to the addressed device that 
word address An will follow and is to be written to 
the on-chip address pointer. The data word to be 
written to the memory is strobed in next and the 
internal address pointer is incremented to the next 
memory location within the RAM on the reception 
of an acknowledge clock. The MK41T56 slave 
receiver will send an acknowledge clock to the 
master transmitter after it has received the slave 
address and again after it has received the word 
address and each data byte, see Figure 9. 


READ MODE 


In this mode the master reads the MK41T56 slave 
after setting the slave address, see Figure 11. Fol- 
lowing the write mode control bit (R/W = 0) and the 
acknowledge bit, the word address An is written to 
the on-chip address pointer. Next the START con- 
dition and slave address are repeated followed by 
the READ mode control bit (R/W = 1). At this point 
the master transmitter becomes the master re- 
ceiver. The data byte which was addressed will be 
transmitted and the master receiver will send an 
acknowledge bit to the slave transmitter. The ad- 
dress pointer is only incremented on reception of 
an acknowledge bit. The MK41T56 slave transmit- 
ter will now place the data byte at address An + 1 
on the bus, the master receiver reads and acknow- 
ledges the new byte and the address pointer is 
incremented to An + 2. 


This cycle of reading consecutive addresses will 
continue until the master receiver sends a STOP 
condition to the slave transmitter. 


An alternate READ mode may also be imple- 
mented whereby the master reads the MK41T56 
slave without first writing to the (volatile) address 
pointer. The first address that is read is the last one 
stored in the pointer, see Figure 12. 


CLOCK CALIBRATION 


The MK41T56 is driven by a quartz controlled 
oscillator with a nominal frequency of 32,768 Hz. A 
typical MK41T56 is accurate within + 1 minute per 
month at 25°C without calibration. The devices are 
tested not to exceed 35 PPM (parts per million) 
oscillator frequency error at 25°C, which equates 
to about + 1.53 minutes per month. Of course the 
oscillation rate of any crystal changes with tem- 
perature. 


Most clock chips compensate for crystal frequency 
and temperature shift error with cumbersome trim 


ky7 SEScOn nes 


MK41T56 


Figure 10. Write Mode Sequence 


SLAVE |= WORD 
BUS ACTIMTY: m< ADDRESS >a < ADDRESS (n)> < DATAn > < DATA n+1 > < DATA n+X > 
MASTER 


SDA LINE 


BUS ACTIVITY 


VA00591 


Figure 11. Read Mode Sequence 


SLAVE |= WORD SLAVE = 
BUS ACTIVITY. m< ADDRESS >a < ADDRESS (n)> w< ADDRESS >a@ < DATAn > < DATA n+1 > 
MASTER 


SDA LINE 


BUS ACTIVITY 


VA00592B 


Figure 12. Alternate Read Mode Sequence 


BUS ACTIVITY: DATA n > <_ DATA n+1 < DATA n+X > 
MASTER 


SDA LINE 


BUS ACTIVITY 


VA00593 
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CLOCK CALIBRATION (cont'd) 


capacitors. The MK41T56 design, however, em- 
ploys periodic counter correction. The calibration 
circuit adds or subtracts counts from the oscillator 
divider circuit at the divide by 128 stage, as shown 
in Figure 13. The number of times pulses are 
blanked (subtracted, negative calibration) or split 
(added, positive calibration) depends upon the 
value loaded into the five bit Calibration byte found 
in the Control Register. Adding counts speeds the 
clock up, subtracting counts slows the clock down. 


The Calibration byte occupies the five lower order 
bits in the Control register. This byte can be set to 
represent any value between 0 and 31 in binary 
form. The sixth bit is a sign bit; ’1’ indicates positive 
calibration, ’0’ indicates negative calibration. Cali- 
bration occurs within a 64 minutes cycle. The first 
62 minutes in the cycle may, once per minute, have 
one second either shortened by 128 or lengthened 
by 256 oscillator cycles. If a binary ’1’ is loaded into 
the register, only the first 2 minutes in the 64 
minutes cycle will be modified; if a binary 6 is 
loaded, the first 12 will be affected, and so on. 


Figure 13. Divide by 128 Stage 


NORMAL 


POSITIVE 
CALIBRATION 


NEGATIVE 
CALIBRATION 
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Therefore, each calibration step has the effect of 
adding 512 or subtracting 256 oscillator cycles for 
every 125,829,120 actual oscillator cycles, that is 
+ 4.068 or —2.034 PPM of adjustment per calibra- 
tion step in the calibration register. Assuming that 
the oscillator is in fact running at exactly 32768 Hz, 
each of the 31 increments in the Calibration byte 
would represent 10.7 seconds per month. 


Two methods are available for ascertaining how 
much calibration a given MK41T56 may require. 
The first involves simply setting the clock, letting it 
run for a month and comparing it to a known 
accurate reference (like WWV broadcasts). While 
that may seem crude, it allows the designer to give 
the end user the ability to calibrate his clock as his 
environment may require, even after the final prod- 
uct is packaged in a non-user serviceable enclo- 
sure. All the designer has to do is provide a simple 
utility that accessed the Calibration byte. The utility 
could even be menu driven and made foolproof. 


The second approach is better suited to a manu- 
facturing environment, and involves the use of 
some test equipment. When the Frequency Test 
(FT) bit, the seventh-most significant bit in the 
Control Register, is set to a’1’, and the oscillator is 
running at 32768 Hz, the FT/OUT pin of the device 
will toggle at 512 Hz. Any deviation from 512 Hz 
indicates the degree and direction of oscillator fre- 
quency shift at the test temperature. 


For example, a reading of 512.01024 Hz would 
indicate a +20 PPM oscillator frequency error, re- 
quiring a —10(001010) to be loaded into the Cali- 
bration Byte for correction. Note that setting or 
changing the Calibration Byte does not affect the 
Frequency test output frequency. 


OUTPUT DRIVER PIN 


When the FT bit is not set the FT/OUT pin becomes 
an output driver that reflects the contents of D7 of 
the control register. In other words when D6 of 
location 7 is a zero and D7 of location 7 is a zero 
and then the FT/OUT pin will be driven low. 


Note: The FT/OUT pin is open drain which requires 
an external pull-up resistor. 
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ORDERING INFORMATION SCHEME 


Example: MKI41T56 
Operating Temp. a | Speed Shipping Method for SO 
blank 0 to 70°C PSDIP8 00 No Speed Options blank Tubes 
* 40 to 85°C pein riame TR ‘Tape & Reel 
S SO8 


0.15mm Frame 


Note: I* Available in the SO package only. 


For a list of available options refer to the Selector Guide in this Data Book or to the current Memory Shortform 
catalogue. 


For further information or any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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CMOS 64 x 8 ADDRESS/DATA MULTIPLEXED 
TIMEKEEPER SRAM 


=» DROP-IN REPLACEMENT FOR PC AT COM- 
PUTER CLOCK/CALENDAR 


=» TOTALLY NONVOLATILE WITH 10 YEARS OF 
OPERATION IN THE ABSENCE OF POWER 


= SELF-CONTAINED SUBSYSTEM INCLUDES 
LITHIUM BATTERY, QUARTZ CRYSTAL AND 
SUPPORT CIRCUITRY 


» COUNTS SECONDS, MINUTES, HOURS, 
DAYS, DAY OF THE WEEK, DATE, MONTH 
AND YEAR WITH LEAP YEAR COMPENSA- 
TION 


=» BINARY OR BCD REPRESENTATION OF 
TIME, CALENDAR AND ALARM 


» 12 OR 24 HOUR CLOCK WITH AM AND PM IN 
12 HOUR MODE 


=» SELECTABLE BUS TIMING 
=# MULTIPLEX BUS FOR PIN EFFICIENCY 


» INTERFACED WITH SOFTWARE AS 64 RAM 
LOCATIONS: 
— 14 Bytes Of Clock And Control Registers 
— 50 Bytes Of General Purpose RAM 


=» PROGRAMMABLE SQUARE WAVE OUTPUT 
SIGNAL 


=» BUS COMPATIBLE INTERRUPT SIGNALS 
(IRQ) 


#» THREE INTERRUPTS ARE SEPARATELY 
SOFTWARE-MASKABLE AND TESTABLE: 
— Time-of-day Alarm Once/Second To Once/Day 
— Periodic Rates From 122 us to 500 ms 
— End Of Clock Update Cycle 


PIN NAMES 


Chip Select 


1 
PHDIP24 WITH BATTERY TOP HAT (B) 


Figure 1. Pin Connection 


MK48187 | 


On moor WN 


VAO0601 


NF pin serves no function and may be connected to other signals, 
within Absolute Maximum Ratings, without affecting device oper- 
ation. The electrical characteristics are the same as the other inputs pins. 
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Figure 2. Block Diagram 


POWER 
SWITCH 


AND PERIODIC i ee WAVE RATE 


WRITE 
PROTECT 


LITHIUM 
] CELL 


CLOCK/ 
CALENDAR 
UPDATE 


INTERFACE 
A/D — 
MOT 


DESCRIPTION 


The MK48T87 TIMEKEEPER™ RAM is designed 
to be a compatible replacement for the MC146818 
and the DS1287. Alithium energy source, a quartz 
crystal and write-protection circuitry are contained 
within a 24-pin dual in-line package. The MK48187 
is, therefore, a complete subsystem replacing as 
many as 16 components in a typical application. 
The functions available to the user include a non- 
volatile time-of-day clock, an alarm, a one-hun- 
dred-year calendar, programmable interrupt, 
square wave generator, and 50 bytes of nonvolatile 
static RAM. The Real Time Clock/RAM is unique in 
that the time-of-day and memory are maintained 
even in the absence of power. 


SELECTION 


i ee OF 16 SELECTOR) 


SQUARE 
i WAVE OUT ia 


wears ABP A,B,C,D 
[ene BYTES) 


CLOCK ALARM 
CALENDAR RAM 
(10 BYTES) 


USER RAM 
(50 BYTES) 


VROO0808 


Automatic deselection of the device provides insur- 
ance that data integrity is not compromised should 
Vcc fall below specified (Vprp) levels. The automat- 
ic deselection of the device remains in effect upon 
power up for a period of 100ms after Vcc rises 
above Vprp, provided the Real Time Clock is run- 
ning and the count down chain is not in reset. This 
allows sufficient time for Vcc to stabilize and gives 
the system clock a wake up period so that a valid 
system reset can be established. 

The block diagram in Figure 2 shows the pin con- 
nection with the major internal functions of 
MK48T87 (Real Time Clock/RAM). The following 
paragraphs describe the function of each pin. 
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SIGNAL DESCRIPTIONS 


GND, Vcc - D.C. power is provided to the device 
on these pins. Vcc is the +5 volt input. When Vcc 
is applied and is above Vprp, the device is fully 
accessible and the data can be written and read. 
When Vcc is below Verp, reads and writes are 
inhibited. However, the timekeeping function con- 
tinues unaffected by the lower input voltage. As 
Vcc falls below Vso, the RAM and timekeeper are 
switched over to an internal Lithium energy source. 
The timekeeping function maintains an accuracy of 
1 minute per month at 25°C regardless of the 
voltage input on the Vcc pin. 


MK48T87 


MOT (Mode Select) - The MOT pin offers the 
flexibility to choose between two bus types. When 
connected to Vcc, Motorola bus timing is selected. 
When connected to GND or left disconnected, Intel 
bus timing is selected. The pin has an internal 
pull-down resistance of approximately 20 KQ . 


SQW (Square Wave Output) - The SQW pin can 
output a signal from one of 13 taps provided by the 
15 internal divider stages of the Real Time Clock. 
The frequency of the SQW pin may be changed by 
programming Register A. As shown in Table 1, the 
SQW signal may be turned on and off using the 
SQWE bit in Register B. The SQW signal is not 

available when Vcc is less than Vprp. 


Table 1. Periodic Interrupt Rate and Square Wave Frequency 


Select Bits Register A 


Ea 


tp; Periodic SQW Output 


Frequency 


i i a ee 
te eae ee 
a el i ee 
aE Ee ee a ee 
ee a ee a a eee 
Be I ee eee 
ek ee a ee ee ee eee 


a ee ee ee eee 
ee oe a a a ae a ee ae 
ee ee Ee Ee ee a a ee 
pce ol pha lean ea area nar oR he 


32 Hz 


31.25 ms 


ADOQ-AD7 (Multiplexed Bi-Directional Ad- 
dress/Data Bus) - Multiplexing the bus reduces 
the device pin count because address information 
and data information time share the same signal 
paths. The addresses are presented during the first 
portion of the bus cycle and the same pins and 
signal paths are used for data transfer during the 
second portion of the cycle. Address/data multi- 
plexing does not slow the access time of the 
MK48T87 since the bus change from address to 


data occurs during the internal RAM access time. 
Addresses must be valid prior to the falling edge of 
AS/ALE, at which time the MK48T87 latches the 
address from ADO to AD5. Valid write data must be 
present and held stable during the latter portion of 
the DS or RD pulses. The read cycle is terminated 
and the bus returns to a high impedance state as 
DS transitions low in the case of Motorola timing or 
as RD transitions high in the case of Intel timing. 
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AS (Address Strobe Input) - A positive going 
address strobe pulse serves to demultiplex the 
bus. The falling edge of AS/ALE causes the ad- 
dress to be latched within the MK48T87. 


DS (Data Strobe or Read Input) - The DS/RD pin 
has two modes of operation depending on the level 
of the MOT pin. When the MOT pin is connected 
to Vcc, Motorola bus timing is selected. In this 
mode DS is a positive pulse during the latter 
portion of the bus cycle and is called Data Strobe. 
During read cycles, DS signifies the time that the 
MK48T87 is to drive the bi-directional bus. In write 
cycles the trailing edge of DS causes the 
MK48T87 to latch the written data. When the 
MOT pin is connected to GND, Intel bus timing is 
selected. In this mode the DS pin is called Read 
(RD). RD identifies the time period when the 
MK48T87 drives the bus with read data. The RD 
signal is the same definition as the Output Enable 
(G) signal on a typical memory. 


W (Read/Write Input) - The W pin also has two 
modes of operation. When the MOT pin is con- 
nected to Vcc for Motorola timing, W is a level 
which indicates whether the current cycle is a read 
or write. Aread cycle is indicated with a high level 
on W while DS is high. A write cycle is indicated 
when W is low during DS. When the MOT pin is 
connected to GND for Intel timing, the W signal is 
an active low signal called WR. In this mode the W 
pin has the same meaning as the Write Enable 


signal (W) on generic RAMs. 


E (Chip Select Input) - The Chip Select signal (E) 
must be asserted low for a bus cycle in which the 
MK48T87 is to be accessed. E must be kept in the 
active state during DS and AS for Motorola timing 
and during RD and W for Intel timing. Bus cycles 
which take place without asserting E will latch 
addresses but no access will occur. When Vcc is 
below Vprp, the MK48T87 internally inhibits access 
cycles by internally disabling the E input. This 
action protects both the Real Time Clock data and 
RAM data during power outages. 


IRQ (Interrupt Request Output) - The IRQ pin is 
an active low output of the MK48T87 that may be 
used as an interrupt input to a processor. The IRQ 
output remains low as long as the status bit causing 
the interrupt is present and the corresponding 
interrupt- enable bit is set. To clear the IRQ pin the 
processor program normally reads the C register. 
The RESET pin also clears pending interrupts. 
When no interrupt conditions are present, the IRQ 
level is inthe high impedance state. Multiple inter- 
rupt devices may be connected to an IRQ bus. The 
IRQ bus is an open drain output and requires an 
external pull-up resistor. 


RESET (Reset Input) - The RESET pin has no 
effect on the clock, calendar, or RAM. On power-up 
the RESET pin may be held low for a time in order 
to allow the power supply to stabilize. The amount 
of time that RESET is held low is dependent on the 
application. However, if RESET is used on power 
up, the time RESET is low should exceed 200 ms 
to make sure that the internal timer which controls 
the MK48T87 on power-up has timed out. When 
RESET is low and Vec is above Vprp, the following 
occurs: 


A. Periodic Interrupt Enable (PIE) bit is cleared to 
zero. 


B. Alarm Interrupt Enable (AIE) bit is cleared to 
zero. 


C. Update Ended Interrupt Flag (UF) bit is cleared 
to zero. 


D. Interrupt Request Status Flag (IRQF) bit is 
cleared to zero. 


E. Periodic Interrupt Flag (PF) bit is cleared to zero. 


F. The device is not accessible until RESET is 
returned high. 


G. Alarm Interrupt Flag (AF) bit is cleared to zero. 
H. IRQ pin is in the high impedance state. 


I. Square Wave Output Enable (SQWE) bit is 
cleared to zero. 


J. Updated Ended Interrupt Is Cleared To Zero. 


In a typical application RESET may be connected 
to Vec. This connection will allow the MK48T87 to 
go in and out of power fail without affecting any of 
the control registers. 
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ADDRESS MAP 

The Address Map of the MK48T87 is shown in 
Figure 3. The address map consists of 50 bytes of 
user RAM, 10 bytes of RAM which contain the RTC 
time, calendar and alarm data, and 4 bytes which 
are used for control and status. All 64 bytes can be 
directly written or read except for the following: 


Figure 3. Address Map 


00 
14 BYTES 

13 

14 
50 BYTES 

63 


TIME, CALENDAR AND ALARM LOCATIONS 


The time and calendar information is obtained by 
reading the appropriate memory bytes. The time, 
calendar and alarm are set or initialized by writing 
the appropriate RAM bytes. The contents of the ten 
time, calendar and alarm bytes may be either Bi- 
nary or Binary-Coded (BCD) format. Before writing 
the internal time, calendar, and alarm registers, the 
SET bit in Register B should be written to a Logic 
one to prevent updates from occuring while access 
is being attempted. In addition to writing the ten 
time, calendar and alarm registers in a selected 
format (Binary or BCD), the data mode bit (DM) of 
Register B must be set to the appropriate logic 
level. All ten time, calendar and alarm bytes must 
use the same data mode. The set bit in Register B 
should be cleared after the data mode bit has been 
written to allow the Real Time Clock to update the 
time and calendar bytes. Once initialized, the Real 


MK48T87 


1. Registers C and D are read-only. 
2. Bit 7 of Register Ais read-only. 


3. The high order bit of the seconds byte is read- 
only. 


The contents of four control registers (A,B,C,D) are 
described in the “Register” section. 


00 SECONDS 

01 | SECONDS ALARM 
02 MINUTES 

03 MINUTES ALARM 
04 HOURS 

05 HOURS ALARM 
06 DAY OF WEEK 
07 DAY OF MONTH 
08 MONTH 

09 YEAR 

10 REGISTERA 

11 REGISTER B 
12 REGISTER C 
13 REGISTER D 


Time Clock makes all updates in the selected 
mode. The data mode cannot be changed without 
reinitializing the ten data bytes. Table 2 shows the 
Binary and BCD formats of the ten time, calendar 
and alarm locations. The 24/12 bit cannot be 
changed without reinitializing the hour locations. 
When the 12-hour format is selected, the high order 
bit of the hours byte represents PM when itis a logic 
one. The time, calendar and alarm bytes are always 
accessible because they are double buffered. 
Once per second the ten bytes are advanced by 
one second and checked for an alarm condition. If 
a read of the time and calendar data occurs during 
an update, a problem exits that seconds, minutes, 
hours, etc., may not correlate. The probability of 
reading incorrect time and calendar data is low. 
Several methods of avoiding any possible incorrect 
time and calendar reads are covered later in this 
text. 
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Table 2. Calendar and Alarm Data Modes 


Address 
Location 


DAY OF THE WEEK (SUNDAY=1) 


The three alarm bytes may be used in two ways. 
First, when the alarm time is written in the appro- 
priate hours, minutes and seconds alarm locations, 
the alarm interrupt is initiated at the specified time 
each day if the alarm enable bit is high. The second 
use condition is to insert a “don’t care” state in one 
or more of the three alarm bytes. The “don’t care” 
code is any hexadecimal value from CO to FF. The 
two most significant bits of each byte set the “don’t 
care” condition when at Logic 1. An alarm will be 
generated each hour when the “don’t care” bits are 
set in the hours byte. Similarly, an alarm is gener- 
ated every minute with “don’t care” codes in the 
hours and minute alarm bytes. The “don’t care” 
codes in all three alarm bytes create an interrupt 
every second. 


NONVOLATILE RAM 


The 50 general purpose non-volatile RAM bytes 
are not dedicated to any special function within the 
MK481T87. They can be used by the processor 
program as non-volatile memory and are fully avail- 
able during the update cycle. 


Function re sta 
Binary Data Mode BCD Data Mode 


es 
ee 
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ce 
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MONTH 01-0C 01-12 


Range 


00 - 59 


01 - 31 


00 - 99 


INTERRUPTS 


The RTC plus RAM includes three separate, fully 
automatic sources of interrupt for a processor. The 
alarm interrupt may be programmed to occur at 
rates from once per second to once per day. The 
periodic interrupt may be selected for rates from 
122 us to 500 ms. The update-ended interrupt may 
be used to indicate to the program that an update 
cycle is complete. Each of these independent inter- 
rupt conditions is described in greater detail in other 
sections of this text. 


The processor program can select which interrupts, 
if any, are going to be used. Three bits in Register 
B enable the interrupts. Writing a Logic 1 to an 
interrupt-enable bit permits that interrupt to be in- 
itiated when the event occurs. A “O" in an interrupt 
enable bit prohibits the IRQ pin from being asserted 
from that interrupt condition. If an interrupt flag is 
already set when an interrupt is enabled, IRQ is 
immediately set at an active level although the 
interrupt initiating the event may have occurred 
much earlier. As a result, there are cases where the 
program should clear such earlier initiated inter- 
rupts before first enabling new interrupts. 
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When an interrupt event occurs, the relating flag bit 
is set to Logic 1 in Register C. These flag bits are 
set independent of the state of the corresponding 
enable bit in Register B. The flag bit can be used 
in a polling mode without enabling the correspond- 
ing enable bits. The interrupt flag bit is a status bit 
which software can interrogate as necessary. 


When a flag is set, an indication is given to software 
that an interrupt event has occurred since the flag 
bit was last read; however, care should be taken 
when using the flag bits as they are cleared each 
time Register C is read. Double latching is included 
with Register C so that bits which are set remain 
stable throughout the read cycle. All bits which are 
set (high) are cleared when read and new interrupts 
which are pending during the read cycle are held 
until after the cycle is completed. One, two or three 
bits may be set when reading Register C. Each 
utilized flag bit should be examined when read to 
insure that no interrupts are lost. 


The second flag bit usage method is with fully 
enabled interrupts. When an interrupt flag bit is set 
and the corresponding interrupt enable bit is also 
set, the IRQ pin is asserted low. IRQ is asserted as 
long as at least one of the three interrupt sources 
has its flag and enable bits both set. The IROF bit 
in Register C is aone whenever the IRQ pin is being 
driven low. Determination that the RTC initiated an 
interrupt is accomplished by reading Register C. A 
logic one in Bit 7 (IRQF bit) indicates that one or 
more interrupts have been initiated by the 
MK48T87. The act of reading Register C clears all 
active flag bits and the IRQF bit. 


OSCILLATOR CONTROL BITS 


When the MK48T87 is shipped from the factory, the 
internal oscillator is turned off. This feature pre- 
vents the lithium energy cell from being used until 
it is installed in system. A pattern of 010 in bits 4 
through 6 of Register A will turn the oscillator on 
and enable the countdown chain. A pattern of 11X 
will turn the oscillator on, but holds the countdown 
chain of the oscillator in reset. All other combina- 
tions of bits 4 through 6 keep the oscillator off. 


MK48T87 


SQUARE WAVE OUTPUT SELECTION 


Thirteen of the 15 divider taps are made available 
to a 1-of-15 selector, as shown in the block diagram 
of Figure 2. The first purpose of selecting a divider 
tap is to generate a square wave output signal on 
the SQW pin. The RSO-RS3 bits in Register A 
establish the square wave output frequency. These 
frequencies are listed in Table 1. The SQW fre- 
quency selection shares its 1-of-15 selector with 
the periodic interrupt generator..Once the fre- 
quency is selected, the output of the SQW pin may 
be turned on and off under program control with the 
square wave enable bit (SQWE). 


PERIODIC INTERRUPT SELECTION 


The periodic interrupt will cause the IRQ pin to go 
to an active state from once every 500 ms to once 
every 122 us. This function is separate from the 
alarm interrupt which may be output from once per 
second to once per day. The periodic interrupt rate 
is selected using the same Register A bits which 
select the square wave frequency (see Table 1). 
Changing the Register A bits affects both the 
square wave frequency and the periodic interrupt 
output. However, each function has a separate 
enable bit in Register B. The SQWE bit controls the 
square wave output. Similarly, the periodic interrupt 
is enabled by the PIE bit in Register B. The periodic 
interrupt can be used with software counters to 
measure inputs, create output intervals, or await 
the next needed software function. 


UPDATE CYCLE 


The MK48T87 executes an update cycle once per 
second regardless of the set bit in Register B. When 
the SET bit in Register B is set to one, the user copy 
of the double buffered time, calendar and alarm 
bytes is frozen and will not update as the time 
increments. However, the time countdown chain 
continues to update the internal copy of the buffer. 
This feature allows time to maintain accuracy inde- 
pendent of reading or writing the time, calendar, 
and alarm buffers and also guarantees that time 
and calendar information are consistent. The up- 
date cycle also compares each alarm byte with the 
corresponding time byte and issues and alarm if a 
match or if a “don’t care” code is present in all three 
positions. 
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MK48T87 


There are three methods which can be employed 
to handle access of the Real Time Clock which 
avoids any possibility of accessing inconsistent 
time and calendar data. The first method uses the 
update-ended interrupt. If enabled, an interrupt 
occurs after every update cycle which indicates that 
over 998 ms are available to read valid time and 
date information. If this interrupt is used, the IRQF 
bit in Register C should be cleared before leaving 
the interrupt routine. 


A second method uses the update-in-progress bit 
(UIP) in Register A to determine if the update cycle 
is in progress. The UIP bit will pulse once per 
second. After the UIP bit goes high, the update 
transfer occurs 244 us later. If a low is read on the 


UIP bit, the user has at least 244 us before the 
time/calendar data will be changed. Therefore, the 
user should avoid interrupt service routines that 
would cause the time needed to read valid 
time/calendar data to exceed 244 us. 


The third method uses a periodic interrupt to deter- 
mine if an update cycle is in progress. The UIP bit 
in Register Ais set high between the setting of the 
PF bit in Register C (see Figure 4). Periodic inter- 
rupts that occur at a rate of greater than tpuc allow 
valid time and date information to be reached at 
each occurrence of the periodic interrupt. The 
reads should be complete within (Tpy2+tauc) to 
insure that data is not read during the update cycle. 


Figure 4. Update Ended and Periodic Interrupt Relationship 


UIP BIT IN 
REGISTER A 


UF BIT IN 
REGISTER C 


PF BIT IN 
REGISTER C 


Note: tpi= Periodic Interrupt Time interval per table 1. 
tauc = Delay Time Before Update Cycle = 244s. 
tuc = 2ms. 


ink 


VROO0B10 
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REGISTERS 


REGISTER A 


UIP 


The Update in Progress (UIP) bit is a status flag 
that can be monitored. When the UIP bit is one, the 
update transfer will soon occur. When the UIP is a 
zero, the update transfer will not occur for at least 
244 us. The time, calendar, and alarm information 
in RAM is fully available for access when the UIP 
bit is zero. The UIP bit is read only and is not 
affected by RESET. Writing the SET bit in Register 
B to a “1" inhibits any update transfer and clears 
the UIP status bit. 


DVO, DV1, DV2 


These three bits are used to turn the oscillator on 
or off and to reset the countdown chain. A pattern 
of 010 is the only combination of bits which will turn 
the oscillator on and allow the RTC to keep time. A 
pattern of 11X will enable the oscillator but holds 
the countdown chain in reset. The next update will 
occur at 1second after a pattern of 010 is written to 
DVO, DV1 and DV2. 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O 


MK48T87 


RS3, RS2, RS1, RSO 


These four rate-selection bits select one of the 13 
taps on the 15-stage divider or disable the divider 
output. The tap selected may be used to generate 
an output square wave (SQW pin) and/or a periodic 
interrupt. The user may do one of the following: 


1. Enable the interrupt with the PIE bit; 
2. Enable the SQW output pin with the SQWE bit; 


3. Enable both at the same time and the same rate; 
or 


4. Enable neither. 


Table 1 lists the periodic interrupt rates and the 
square wave frequencies that may be chosen with 
the RS bits. These four read/write bits are not 
affected by RESET. 
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REGISTER B 


MSB 
BIT 7 BIT6 BIT5 BIT 4 


SET 


When the SET bit is a zero, the update transfer 
functions normally by advancing the counts once 
per second. When the SET bit is written to a one, 
any update transfer is inhibited and the program 
may initialize the time and calendar bytes without 
an update occurring in the midst of initializing. 
Read cycles can be executed in a similar manner. 
SET is a read/write bit which is not modified by 
RESET or internal functions of the MK48T87. 


PIE 


The periodic interrupt enable PIE bit is a read/write 
bit which allows the Periodic Interrupt Flag (PF) bit 
in Register C to cause the IRQ pinto be driven low. 
When the PIE bit is set to one, periodic interrupts 
are generated by driving the IRQ pin low at a rate 
specified by the RS3 through RSO bits of Register 
A. Azero in the PIE bit blocks the IRQ output from 
being driven by a periodic interrupt, but the Periodic 
Flag (PF) bit is still set at the periodic rate. PIE is 
not modified by any internal MK48T87 functions, 
but is cleared to zero on RESET. 


AIE 


The Alarm Interrupt Enable (AIE) bit is a read/write 
bit which when set to a one permits the Alarm Flag 
(AF) bit in register C to assert IRQ. An alarm 
interrupt occurs for each second that the three time 
bytes equal the three alarm bytes including a “don’t 
care” alarm code of binary 11XXXXXX. When the 
AlE bit is set to zero, the AF bit does not initiate 
the IRQ signal. The RESET pin clears AIE to zero. 
The internal functions of the MK48T87 do not 
affect the AIE bit. 


UIE 


The Update Ended Interrupt Enable (UIE) bit is a 
read/write bit which enables the Update End Flag 
(UF) bit in Register C to assert IRQ. The RESET 
pin going low or the SET bit going high clears the 
UIE bit. 


SQWE 


When the Square Wave Enable (SQWE) bit is set 
to a one, a Square wave signal at the frequency 
set by the rate-selection bits RS3 through RS0O is 
driven out on the SQW pin. When the SQWE bit is 
set to zero, the SQW pin is held low; the state of 
SQWE is cleared by the RESET pin. SQWE isa 
read/write bit. 


DM 


The Data Mode (DM) bit indicates whether time and 
calendar information are in binary or BCD format. 
The DM bit is set by the program to the appropriate 
format and can be read as required. This bitis not 
modified by internal functions or RESET. Aone in 
DM signifies binary data and azero in DM specifies 
Binary Coded Decimal (BCD) data. 


24/12 


The 24/12 control bit establishes the format of the 
hours byte. A one indicates the 24-hour mode and 
a zero indicates the 12-hour mode. This bit is a 
read/write and is not affected by internal functions 
or RESET. 


DSE 


The Daylight Savings Enable (DSE) bit is a 
read/write bit which enables two special updates 
when DSE is set to one. On the first Sunday in April 
the time increments from 1:59:59 AM to 3:00:00 
AM. On the last Sunday in October when the time 
first reaches 1:59:59 AM it changes to 1:00:00 AM. 
These special updates do not occur when the DSE 
bit is a zero. This bit is not affected by internal 
functions or RESET. 
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REGISTER C 


MSB 
BIT 7 


IRQF 


The Interrupt Request Flag (IRQF) bit is set to a 
one when one or more of the following are true: 


PF=PIE=1 
AF=AIE=1 
UF=UIE=1 
i.e., IRQF=PFePIE+AF*AIE+UF*UIE 


Any time the IRQF bit is a one the IRQ pin is driven 
low. All flag bits are cleared after Register C is read 
by the program or when the RESET pin is low. 


PF 


The Periodic Interrupt Flag (PF) is a read-only bit 
which is set to a one when an edge is detected on 
the selected tap of the divider chain. The RS3 
through RSO bits establish the periodic rate. PF is 
set to a one independent of the state of the PIE bit. 
When both PF and PIE are one, the IRQ signal is 
active and willset the IRQF bit. The PF bitis cleared 
by a RESET or a software read of Register C. 


REGISTER D 


VRT 


The Valid RAM and Time (VRT) bit is set to the one 
state by SGS-THOMSON prior to shipment. This 
bit is not writable and should always be a one when 
read. If a zero is ever present, an exhausted inter- 
nal lithium energy source is indicated and both the 
contents of the RTC data and RAM data are ques- 
tionable. This bit is unaffected by RESET. 


BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 
ae ae ee ee 


MSB LSB 
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
SR a PT 


MK48T87 
LSB 


AF 


Aone in the AF (Alarm Interrupt Flag) bit indicates 
that the current time has matched the alarm time. 
If the AIE bit is also a one, the IRQ pin will go low 
and a one will appear in the IRQF bit. ARESET or 
a read of Register C will clear AF. 


UF 


The Update Ended Interrupt Flag (UF) bit is set 
after each update cycle. When the UIE bit is set to 
one, the one in the UF bit causes the IRQF bit to 
be aone which will assert the IRQ pin. UF is cleared 
by reading Register C or a RESET. 


BIT 0 THROUGH BIT 3 


These are unused bits of the status Register C. 
These bits always read zero and cannot be written. 


BIT 6 THROUGH BIT 0 


The remaining bits of Register D are not usable. 
They cannot be written and when read, they will 
always read zero. 
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ABSOLUTE MAXIMUM RATINGS* 


[swmbor [amet Yate 
Ambient Storage (Vcc off, Oscillator off) Temperature 
PPD Total Device Power Dissipation 


“Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational section of this specification 
is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 


RECOMMENDED DC OPERATIONING CONDITIONS (0°C < Ta < 70°C) 


es 
[ee [Soreness 
oe 


DC ELECTRICAL CHARACTERISTICS (0°C < Ta s 70°C; Vcc max < Vcc S$ Vcc min) 


< 


< 


< 


< 


CL Capacitance on all pins (except D/Q) 
pa 


C Capacitance on DQ pins 7 
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AC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Vcc = 4.5V to 5.5V) 
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PWe. | Pulse Width, DS/E Low or RD/WR High | 300 | fons 
Pulse Width, DS/E High or RD/WR Low | 328 | fons 
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Figure 5. Bus Timing for Motorola® Interface 
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Figure 6. Bus Timing for Intel® Interface Read Cycle 
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Figure 7. Bus Timing for Intel Interface Write Cycle 
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Figure 8. IRQ Release Timing 


VRO000814 


Figure 9. Output Load 


Notes : 

1. All voltages are referenced to ground. 

2. All outputs are open. 

3. The MOT pin has an internal pull-down of 20K 
4 


Applies to the ADO-AD7 pins, the IRQ pin and the SQW pin 
when each is in the high impedance state. 


The IRQ pin is open drain. 
Measured with a load as shown in Figure 9. 


Da 
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Figure 10. Power Up/Down Conditions 


DATA RETENTION TIME 


VAOO600 


AC ELECTRICAL CHARACTERISTICS (Power Up/Down Timing) (0°C < Ta < 70°C) 


ee 


DC ELECTRICAL CHARACTERISTICS (Power Up/Down Trip Points) (0°C < Ta < 70°C) 


Power-Fail Deselect Voltage : 


Expected Data Retention Time 


Note: 
1 @25°C. 
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ORDERING INFORMATION 


Example: MK48T87 B 24 


B PHDIP24 24 No User Option 


For a list of available options refer to the Selector Guide in this Data Book or the current Memory Shortform 
that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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CMOS 2K x 8 TIMEKEEPER SRAM 


=» INTEGRATED ULTRA LOW POWER SRAM, 
REAL TIME CLOCK, CRYSTAL, POWER-FAIL 
CONTROL CIRCUIT AND BATTERY. 


=» BYTEWIDE RAM-LIKE CLOCK ACCESS. 


» BCD CODED YEAR, MONTH, DAY, DATE, 
HOURS, MINUTES AND SECONDS. 


» SOFTWARE CONTROLLED CLOCK CALIBRA- 
TION FOR HIGH ACCURACY APPLICATIONS. 


= PREDICTED WORST CASE BATTERY STOR- 
AGE LIFE OF 11 YEARS @ 70°C. 


=» PIN AND FUNCTION COMPATIBLE WITH 
JEDEC STANDARD 2K x 8 SRAMS. 


=» AUTOMATIC POWER-FAIL CHIP DESE- 
LECT/WRITE PROTECTION. 


» TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE : 
— MK48T02 4.75V>Vprp => 4.50V 
— MK48T12 4.50V >Vprp2= 4.20V 


DESCRIPTION 


The MK48T02/12 TIMEKEEPER™ RAM combines 
a 2K x 8 full CMOS SRAM, a BYTEWIDE™ ac- 
cessible real time clock, a crystal and a long life 
lithium carbon mono-fluoride battery, all in a single 
plastic DIP package. The MK48T02/12 is a non-vo- 
latile pin and function equivalent to any JEDEC 
standard 2K x 8 SRAM, such as the 6116 or 5517. It 
also easily fits into many EPROM AND EEPROM 
sockets, providing the non-volatility of the PROMs 
without any requirement for special write timing, or 
limitations on the number of writes that can be per- 
formed. 


Access to the clock is as simple as conventional 
BYTEWIDE RAM access because the RAM and the 
Clock are combined on the same die. As Figure 2 
indicates, the TIMEKEEPER registers are located 
in the upper eight locations of the RAM. The regis- 
ters contain, beginning at the top: year, month, date, 
day, hours, minutes, and seconds data in 24 Hour 
BCD format. Corrections for 28, 29 (Leap Year), 30 
and 31 day months are made automatically. The 
eight location is a Control register. These registers 
are not the actual clock counters ; they are Bi- 
PORT™ read/write Static RAM memory locations. 
The MK48T02/12 includes a clock control circuit 
that, once every second, transfers the counters into 
the BIPORT RAM. 


February 1992 
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PHDIP24 WITH BATTERY TOP HAT (B) 


Figure 1. Pin Connection 
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Figure 2. Block Diagram 


OSCILLATOR AND 
CLOCK CHAIN 


| 
2768 H 
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VOLTAGE SENSE 
AND 
LITHIUM SWITCHING 
CELL CIRCUITRY 


DESCRIPTION (Continued) 


Because the Clock Registers are constructed using 
BiPORT memory cells, access to the rest of the 
RAM proceeds unhindered by updates to the 
TIMEKEEPER registers, even if the TIMEKEEPER 
registers are being updated at the very moment 
another location in the memory array is accessed. 


TRUTH TABLE 


<Vocimax) 
>Vecimmn) 


BIPORT 
SRAM ARRAY 


VRG00841 


The MK48T02/12 also has its own Power-fail 
detect circuit. The circuit deselects the device 
whenever Vcc is out of range, providing a high 
degree of data security in the midst of unpre- 
dictable system operations brought on by low Vcc. 


Deselect 
Write 
Read 

Vin Read 


<VpFD(min) Power-Fail 


Battery 
Back-up 


High-Z 
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ABSOLUTE MAXIMUM RATINGS 


[tape on Rana Sond 

a 
| 
i 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational section of this specification 
is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below —0.3 volts are not allowed on any pin while in Battery Back-up mode. 


RECOMMENDED DC OPERATING CONDITIONS 
(0°C < Ta< 70°C) 


a 

a 

a 
= 


Logic “O" Voltage All Inputs os | 


DC ELECTRICAL CHARACTERISTICS 
(0°C < Ta < 70°C; Vcc max 2 Vec 2 Vcc min) 


[Symbot [ Parametric [UN 
[average Ves Powersumy Gunes | || mA 
[tccr [FRU StandyCurensE=vnd || mm 
[ss [OnosSaneiyCorenEsveroad | | | mA | 
i ean trea eyed [af 
[ta [ooitesigeGures |S] STA 
Von Output Logic “1" Voltage (lout = —1.0mA) ae ae ae 
Vow | Output Logic “O" Voltage (lout = 2.1mA) ee aL ee 
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EQUIVALENT OUTPUT LOAD DIAGRAM 
AC TEST CONDITIONS 


Input Levels 0.6V to 2.4V 


Transition Times 5ns 


Input and Output Timing 0.8V or 2.2V 
Reference Levels 


DEVICE 


UNDER 

TEST 
100 pF 
(INCLUDING SCOPE 
AND JIG) 


VRO00780 


CAPACITANCE 
(Ta = 25°C) 


Capacitance on all pins (except D/Q) 
Capacitance on D/Q pins 


Notes : 

1. All voltages referenced to GND. 

2. Negative spikes of -1.0 volt allowed for up to 10ns once per cycle. 

3. Icc1 measured with outputs open. 

4. Measured with Control Bits set as follows : R = 1; W, ST, KS, FT = 0. 

5. Measured with Vcc= Vi2 GND and outputs deselected. 

6. Effective capacitance calculated from the equation C = | At/AV with AV =3 volts and power supply at 5.0V. 
7. Measured with outputs deselected. 
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OPERATION 
READ MODE 


The MK48T02/12 is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac- 
cess (changing Addresses without removing Chip 
Enable) to any of the 2048 address locations in the 
static storage array. Valid data will be available at 
the Data I/O pins within taa after the last_address 
input signal is stable, providing that the E and G 
access times are satisfied. 


Figure 3. Read-Read-Write Timing 


DQO-DQ7 
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If E or G access times are not yet met, valid data 
will be available at the latter of Chip Enable Access 
Time (tcea) or at Output Enable Access Time (toga). 

The state of the eight three-state Data I/O signals 
is controlled by E and G. If the Outputs are activated 
before taa, the data lines will be driven to an indeter- 
minate state until taa. If the Address Inputs are 
changed while E and G remain low, output data will 
remain valid for Output Data Hold Time (ton) but 
will go indeterminant until the next taa. 


(| VALID OUT, 


VALID IN 


VR000942 


AC ELECTRICAL CHARACTERISTICS area Cycle Timing) 


(O°C < Ta < 70°C; Voc max= Voc = Vcc min) 


Note : Measured using the Output Load Diagram shown Page 4. 
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WRITE MODE 


The MK48T02/12 is in Write Mode whenever the 
W and E inputs are held low. The start of a Write is 
referenced to the latter occurring falling edge of 
either W or E. A Write is terminated by the earlier 
rising edge of W or E. The addresses must be held 
valid throughout the cycle. W or E must return high 
fora minimum of twr prior to the initiation of another 
Read or Write Cycle. Data-in must be valid for tps 
prior to the End of Write and remain valid for tou 
afterwards. 


Figure 4. Write-Write-Read Timing 


tCEZ 


VA 


DQO0-DQ7 OUT 


Some processors thrash producing spurious Write 
Cycles during power-up, despite application of a 
power-on reset. Users should force W or E high 
during power-up to protect memory after Vcc 
reaches Vcc (min) but before the processor stabi- 
lizes. 


The MK48T02/12 G input is a DON’T CARE in the 
write mode. G can be tied low and two-wire RAM 
control can be implemented. A low on W will disable 
the outputs twez after W falls. Take care to avoid bus 
contention when operating with two-wire control. 


(‘our ) 


VRO00795 


AC ELECTRICAL CHARACTERISTICS (Write Cycle Timing) 


(O°C < Ta < 70°C; Voc max = Vcc = Vcc min) 


| two | Write Cycle Time 120 
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CLOCK OPERATIONS 
Reading The Clock 


Updates to the TIMEKEEPER registers should be 
halted before clock data is read to prevent reading 
data in transition. Because the BiIPORT TIME- 
KEEPER cells in the RAM array are only data 
registers, and not the actual counters, updating the 
registers can be halted without disturbing the clock 
itself. 


Updating is halted when a “1" is written into the 
"Read" bit, the seventh most significant bit in the 
Control Register. As long as a “1" remains in that 
position, updating is halted. After a Halt is issued, 
the registers reflect the count, that is day, date, and 
time that were current at the moment the Halt 
command was issued. All of the TIMEKEEPER 
registers are updated simultaneously. A Halt will not 
interrupt an update in progress. Updating is within 
a second after the bit is reset to a "0". 


Setting The Clock 


The eighth bit of the Control register is the “Write” 
bit. Setting the Write bit to a “1", like the Read Bit, 
halts updates to the TIMEKEEPER registers. The 
user can then load them with the correct day, date 
and time data in 24 Hour BCD format. Resetting 
the Write bit to a0" then transfers those values the 
actual TIMEKEEPER counters and allows normal 
operation to resume. The KS bit, FT bit and the bits 
marked with zeros in Figure 5 must be written with 
zeros to allow normal TIMEKEEPER and RAM 
operation. 


Figure 5. The MK48T02/12 Register Map 
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Calibrating The Clock 


The MK48T02/12 is driven by a quartz crystal 
controlled oscillator with a nominal frequency of 
32768 Hz. The crystal is mounted in the Top Hat 
along with the battery. A typical MK48T02/12 is 
accurate within + 1 minute per month at 25°C 
without calibration. The devices are tested not to 
exceed + 35ppm (Parts Per Million) oscillator fre- 
quency error at 25°C, which equates to about 1.53 
minute per month. Of course the oscillation rate of 
any crystal changes with temperature. Figure 6 
shows the frequency error that can be expected at 
various temperatures. 


Most clock chips compensate for crystal frequency 
and temperature shift error with cumbersome trim 
Capacitors. The MK48T02/12 design, however, 
employs periodic counter correction. The calibra- 
tion circuit adds or subtracts counts from the oscil- 
lator divider circuit at the divide by 256 stage, as 
shown in Figure 7. The number of times pulses are 
blanked (subtracted, negative calibration) or split 
(added, positive calibration) depends upon the 
value loaded into the five bit Calibration byte found 
in the Control register. Adding counts speeds the 
clock up, subtracting counts slows the clock down. 


The Calibration byte occupies the five lower order 
bits in the Control register. The byte can be set to 
represent any value between 0 and 371 in binary 
form. The sixth bit is a sign bit, “1" indicates positive 
calibration, ”0" indicates negative calibration. Cali- 
bration occurs within a 64 minute cycle. The first 62 
minutes in the cycle may, once per minute, have 


FUNCTION 


DATE 01-31 
= HOURS 00-23 


Pa FREQUENCY TEST 
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one second either shortened or lengthened by 128 
oscillator cycles, that is one tick of the divide by 256 
stage. If a binary 1 is loaded into the register, only 
the first two minutes in the 64 minute cycle will be 
modified ; if a binary 6 is loaded, the first 12 will be 
affected, and so on. 


Therefore, each calibration step has the effect of 
adding or subtracting 256 oscillator cycles for every 
125,829,120 (82768 x 60 x 64) actual oscillator 
cycles, that is 2.034 ppm of adjustment per calibra- 
tion step ; giving the user a +63.07 ppm calibration 
range. Assuming that the oscillator is in fact running 
at exactly 32768 Hz, each of the 31 increments in 
the Calibration byte would represent 5.35 seconds 
per month, which corresponds to a total range of 
+ 2.75 minutes per month. 


Two methods are available for ascertaining how 
much calibration a given MK48T02/12 may require. 
The first involves simply setting the clock, letting it 
run for a month and comparing it to a known 
accurate reference (like WWV broadcasts). While 
this may seem crude, it allows the designer to give 
the end user the ability to calibrate his clock as his 
environment may require, even after the final pro- 
duct is packaged in a non-user serviceable enclo- 
sure. All the designer has to do is provide a simple 
untility that accesses the Calibration byte. The 
utility could even be menu driven and made fool- 
proof. 


The second approach is better suited to a manu- 
facturing environment, and involves the use of 
some test equipment. When the Frequency Test 
(FT) bit, the seventh-most significant bit in the Day 
register, is set to a “1", and the oscillator is running 
at 32768 Hz, the LSB (DQo) of the Seconds register 
will toggle at a 512 Hz. Any deviation from 512 Hz 
indicates the degree and direction of oscillator fre- 
quency shift at the test temperature. For example, 
a reading of 512.00512Hz would indicate a 
+10 ppm (1 — (512/512.00512)) oscillator fre- 
quency error, requiring a -—5 (0001012) to be 
loaded into the Calibration Byte for correction. Note 
that setting or changing the Calibration Byte does 
not affect the Frequency Test output frequency. The 
device must be selected and addresses must be 
stable at Address 7F9 when reading the 512 Hz on 
DQo. 


The FT bit must be set using the same method used 
to set the clock, using the Write bit. The LSB of the 
Seconds register is monitored by holding the 
MK487T02/12 in an extended read of the Second 
register, without having the Read bit set. The FT bit 
MUST be reset to a “O" for normal clock operations 
to resume. 


STOPPING AND STARTING THE OSCILLATOR 
The oscillator may be stopped at any time. If the 
device is going to spend a significant amount of 
time on the shelf, the oscillator can be turned off to 
minimize current drain from the battery. The “Stop” 
bit is the MSB of the Seconds register. Setting it to 
a “1" stops the oscillator. In order to make the 
oscillator as stingy with current as possible, the 
oscillator is designed to require an extra "kick" to 
begin oscillation again. The extra kick is provided 
by the Kick Start (KS) bit, the MSB of the Hours 
register. To start the oscillator, implement the fol- 
lowing procedure : 

1. Set the Write Bit to “1”. 

. Reset the Stop Bit to “O". 

. Set the Kick Start Bit to “1”. 

. Reset the Write Bit to “O". 

. Wait 2 seconds. 

. Set the Write Bit to “1". 

. Reset the Kick Start Bit to “O". 

. Set the Correct time and date. 


9. Reset the Write Bit to “O”. 


Note : Leaving the KS bit set will cause the Clock to draw excessive 
current and will shorten battery life. 


CONDO FW NH 


Figure 6. Oscillator Frequency VS 
Temperature 
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DATA RETENTION MODE 


With Vcc applied, the MK48T02/12 operates as a 
conventional BYTEWIDE static RAM. However, 
Vcc is being constantly monitored. Should the sup- 
ply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when Vcc 
falls within the VpFp (max), Verp (min) window. The 
MK48T02 has a Vprp (max) - Verb (min) window 
of 4.75 volts to 4.5 volts, providing very high data 
security, particularly when all of the other system 
components are specified to 5.0 volts plus and 
minus 10%. The MK48T12 has a Vprp (max) - Verb 
(min) window of 4.5 volts to 4.2 volts, allowing users 
constrained to a 10% power supply specification to 
use the device. 


Note : A mid-write cycle power failure may corrupt 
data at the currently addressed location, but does 
not jeopardize the rest of the RAM’s content. At 
voltages below VpFp (min), the user can be assured 
the memory will be in a write protected state, 
provided the Vcc fall time does not exceed tr. The 
MK48T02/12 may respond to transient noise 
spikes that reach into the deselect window if they 
should occur during the time the device is sampling 
Vcc. Therefore decoupling of power supply lines is 
recommended. 


The power switching circuit connects external Vcc 
to the RAM and disconnects the battery when Vcc 
rises above Vso. As Vcc rises the battery voltage 
is checked. If the voltage is too low, an internal 
Battery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set, the first write attempted will be blocked. The 
flag is automatically cleared after the first write, and 
normal RAM operation resumes. Figure 9 illus- 
trates how a BOK check routine could be struc- 
tured. 


Normal RAM operation can resume trec after Vcc 
exceeds Vprp (max). Caution should be taken to 
keep E or W high as Vcc rises past Vprp (min) as 
some systems may perform inadvertent write 
cycles after Vcc rises but before normal system 
operation begins. 
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Figure 7. Adjusting the Divide by 256 Pulse 
Train 


NORMAL | | | | | | | | 
POSITIVE | | | | | | | | | | 
CALIBRATION 


NEGATIVE 
CALIBRATION 


PREDICTING BACK-UP SYSTEM LIFE 


The useful life of the battery in the MK48T02/12 is 
expected to ultimately come to an end for one of 
two reasons : either because it has been dis- 
charged while providing current to an external 
load ; or because the effects of aging render the 
cell useless before it can actually be discharged. 
Fortunately, these two effects are virtually unre- 
lated, allowing discharge, or Capacity Consump- 
tion and the effects of aging, or Storage Life to be 
treated as two independent but simultaneous 
mechanisms, the earlier of which defines Back-up 
System life. 


The current drain that is responsible for Capacity 
Consumption can be reduced either by applying 
Voc or turning off the oscillator. With the oscillator 
off, only the leakage currents required to maintain 
data in the RAM are flowing. With Vcc on, the 
battery is disconnected from the RAM. Because the 
leakage currents of the MK48T02/12 are so low, 
they can be neglected in practical Storage Life 
calculations. Therefore, application of Vcc or turn- 
ing off the oscillator can extend the effective Back- 
up System life. 
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Figure 8. Power-Down/Power-Up Timing 


Vcc 
VPFD(max) 


VPFD(min) 
VSO 


VR000794 


DC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Trip Point Voltages) 
(0°C < Ta < +70°C) 


Power-Fail Deselect Voltage (MK48T02) 4.6 


( 
Power-Fail Deselect Voltage (MK48T12) 4.3 
Battery Back-Up Switchover Voltage 


AC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Timing) 
(O°C < Ta < +70°C) 


E or W at Vin before Power Down 
Vprp (max) to Verp (min) Vcc Fall Time 
( 


T 


< 
TG 


ein ie VeoWeoFaltine 
Vso to Vprp (min) Vcc Rise Time | 
2 


E or Wat Vin after Power Up 


Notes : 

1. All voltages referenced to GND. 

2. Vprp (max) to Verp (min) fall times of less te may result in deselection/write protection not occurring until 501s after Vcc passes Verp (min). 
3. Verb (min) to Vso fall times of less than trs may cause corruption of RAM data or stop the clock. 
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PREDICTING STORAGE LIFE 


Figure 10 illustrates how temperature affects Stor- 
age Life of the MK48T02/1 2 battery. As long as Vcc 
is applied or the oscillator is turned off, the life of the 
battery is controlled by temperature and is virtually 
unaffected by leakage currents drawn by the 
MK48T02/12. 


Storage Life predictions presented in Figure 10 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, temperature 
accelerated testing cannot identify non-temperature 
dependent failure mechanisms. However, in view of 
the fact that no random cell failures have been 
recorded in any of SGS-THOMSON’s on going bat- 
tery testing since it began in 1982, we believe the 
chance of such failure mechanisms surfacing is ex- 
tremely small. For the purpose of this testing, a cell 
failure is defined as the inability of a cell stabilized at 
25°C to produce a 2.4 volt closed-circuit voltage 
across a 250K ohm load resistance. 


A Special Note : The summary presented in Figure 
10 represents a conservative analysis of the data 
presently available. While SGS-THOMSON is most 
likely in possession of the largest collection of battery 
life data of this kind in the world, the results presented 
should not be considered absolute or final ; they can 
be expected to change as yet more data becomes 
available. We believe that future read-points of life 
tests presently under way and improvements in the 
battery technology itself will result in a continuing 
improvement of these figures. 


Two end of life curves are presented in Figure 10. They 
are labeled “Average” (tsoy) and (tix). These terms 
relate to the probability that a given number of failures 
will have accumulated by a particular point in time. If, for 
example, expected life at 70°C is at issue, Figure 10 
indicates that a particular MK48T02/12 has a 1% 
chance of having a battery failure 11 years into its life 
and a 50% chance of failure at the 20 year mark. 
Conversely, given a sample of devices, 1% of them can 
be expected to experience battery failure within 11 years 
; 50% of them can be expected to fail within 20 years. 


The tis, figure represents the practical onset of wear out, 
and is therefore suitable for use in what would normally 
be thought of as a worst-case analysis. The t50% figure 
represents “normal” or “average” life. It is, therefore, 
accurate to say that the average device will last “tso%.”. 


Battery life is defined as beginning on the date of 
manufacture. Each MK48T02/12 is marked with a 
nine digit manufacturing data code in the form 
H99XXYYZZ, example: H995B9231 is H - fabri- 
cated in Carrollton, TX; 9 - assembled in Muar, 
Malaysia; 9 - tested in Muar, Malaysia; 5B - lot 
designator; 9231 - assembled in the year 1992, 
work week 31. 
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Figure 9. Checking the BOK Flag Status 
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CONTINUE 


CALCULATING PREDICTED STORAGE LIFE 
OF THE BATTERY 


As Figure 10 indicates, the predicted Storage Life 
of the battery in the MK48T02/12 is a function of 
temperature. 


Because the ambient temperature profile is depen- 
dent upon application controlled variables, only the 
user can estimate predicted Storage Life in a given 
design. As long as ambient temperature is held 
reasonably constant, expected Storage Life can be 
read directly from Figure 10. lf the MK48T02/12 
spends an appreciable amount of time at a variety 
of temperatures, the following equation should be 
used to estimate Storage Life. 


VR09978S 
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Predicted Storage Life = 


[(TAVTT)/SLi] + [(TAosTT)/SLo] + ... + [(TAdTT)/SLy] 


Where TA:, TA2, TA, = Time at Ambient Temperature 1, 2, etc. 
TT = Toial Time = TA; + TAs +... + TAn 
SL:, SLz, SL, = Predicted Stcrage Life at Temp 1, Temp 2, etc. (See Figure 10). 


EXAMPLE PREDICTED STORAGE LIFE CAL- 
CULATION 


A cash register/terminal operates in an environ- 
ment where the MK48T02/12 is exposed to tem- 
peratures of 30°C (86°F) or less for 4672 hrs/yr ; 
temperatures greater than 25°C, butless than 40°C 


(104°F), for 3650 hrs/yr ; and temperatures greater 
than 40°C, but less than 70°C (158°F), for the 
remaining 438 hrs/yr. 


Reading predicted t... values from Figure 10 ; SL: = 456 yrs., SL. = 175 yrs., SLs = 11.4 yrs. 
Total Time (TT) = 8760 hrs./yr. TA: = 4672 hrs./yr. TA = 3650 hrs./yr. TAs = 438 hrs./yr. 


Predicted Typical Storage = 


2 126yrs 


PREDICTING CAPACITY CONSUMPTION LIFE 


The MK48T02/12 internal cell has a nominal ca- 
pacity of 39mAh. The device places a nominal 
combined RAM and TIMEKEEPER load of 1.2uA 
on the internal battery when the clock is running 
and the device is in Battery Back-up mode. At that 
rate, the MK48T02/12 will consume the cell’s ca- 
pacity in 32,500 hours, or about 3.7 years. But, as 
Figure 11 shows, Capacity Consumption can be 
spread over a much longer period of time. 


Naturally, Back-up current varies with temperature. 
As Figure 12 indicates, the rate of Current Con- 
sumption by the MK48T02/12 with the clock run- 
ning in Battery Back-up mode is a function of 
temperature. 


Because the ambient temperature profile is de- 
pendent upon application controlled variables, only 
the user can estimate consumption rates in a given 
design. As long as ambient temperature is held 
reasonably constant, expected Capacity Con- 


[(4672/8760)/456] + [(3650/8760)/175] + [(488/8760)/11.4] 


sumption life can be estimated by reading 0% Vcc 
Duty Cycle Capacity Consumption life directly from 
Figure 12, and dividing by the expected Vcc Duty 
Cycle (i.e. at 25°C with a 66% Duty Cycle, Capacity 
Consumption Life = 3.7/(1-.66) = 10.9 years). 


If the MK48T02/12 spends an appreciable amount 
of time at a variety of temperatures, the same 
equation provided in the previous Storage Life 
section should be used to estimate Capacity Con- 
sumption life. 


Example consumption life calculation 


Taking the same cash register/terminal used ear- 
lier, let's assume that the high and low temperature 
periods are the non-operating, Battery Back-up 
mode periods, and that the register is turned on 10 
hours a day seven days per week. The two points 
of interest on the curves in Figure 12 will be the 
25°C and the 70°C points. 


Reading Capacity Life values from Figure 12 ; CL; = 3.7 yrs., CLz = 3.96 yrs. 
Total Time (TT) = 8760 hrs./yr. TA; = 4672 hrs./yr. TA2 = 438 hrs./yr. 


Capacity Life > 


[(4672/8760)/3.7] + [(438/8760)/3.96] 


2 6.38 yrs. 
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ESTIMATING BACK-UP SYSTEM LIFE Figure 11. Typical Capacity Consumption Life at 


The procedure for estimating Back-up System Life 29 © VS. Vcc Duty Cycle 
is simple. Pick the lower of the two numbers. In the 
case calculated in the examples, that would be 6.38 


years. The factis, since either mechanism, Storage 8 EERE 
Life or Capacity Consumption, can end the sys- sdserasseuavefceraveenavedserssees ivstae 
tem’s life, the end is marked by whichever occurs S000 SSeS ee 


first. 
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Figure 10. Predicted Battery Storage Life Versus Temperature 
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Figure 12. Current Consumption Life over Tem- APPLICATION NOTE : 


perature with 0% Vcc Duty Cycle BINARY TO BCD, AND BCD TO BINARY CON- 


VERSION 

The MK48T02/12 presents and accepts TIME- 
KEEPER data in BCD format. Conversion to or 
from other formats can be executed in a single line 
of code, as the following example BASIC program 
demonstrates. 


10 REM BINARY TO BCD 
20 DEF — FNA(X) = INT (X/10) 16+X-INT 


(X/10)'10 
30 REM BCD TOBINARY 
40 DEF  FNB(X)= INT (X/16) 
*404+(XAND15) 


DEGREES CELSIUS 


ORDERING INFORMATION 


Example: MK48T02 B 12 


B PHDIP24 12 120ns 
15 150ns 
20 200ns 
29 250ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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M48T02 
M48T12 


CMOS 2K x 8 TIMEKEEPER SRAM 


# PIN and FUNCTION COMPATIBLE with the 
MK48T02,12 


=» SELF CONTAINED BATTERY and CRYSTAL 
in the CAPHAT DIP PACKAGE 


=» 10 YEARS of DATA RETENTION and CLOCK 
OPERATION in the ABSENCE of POWER 


# CHOICE of TWO WRITE PROTECT 
VOLTAGES: 


— M48TO2: 4.5V < Vpgp < 4.75V 
— M48T12: 4.2V < Vprp < 4.5V 


DESCRIPTION 


The M48T02,12 TIMEKEEPER™ RAMisa2Kx8 
non-volatile static RAM and real time clock which 
is pin and function compatible with the 
MK48T02,12. 


A special 24 pin 600mil DIP CAPHAT™ package 
houses the M48T02,12 silicon with a quartz crystal 
and a long life lithium button cell to form a highly 
integrated battery backed-up memory and realtime 
clock solution. 


Table 1. Signal Names 


Ce Cr 


November 1993 


| 


- atl tt 
Nt 


1 


PCDIP24 (PC) 
Battery CAPHAT 


Figure 1. Logic Diagram 


KL,» DQ0-DQ7 


M48T02 


M48112 


VA01027 
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Figure 2. DIP Pin Connections DESCRIPTION (cont'd) 


The M48T02,12 button cell has enough capacity to 
maintain data and clock functionality for an accu- 
mulated time period of at least 10 years in the 
absence of power at room temperature. 


For a complete description of electrical charac- 
teristics and bus timing, refer to the MK48T02,12 


data sheet. 
M48T02 
M48112 
VA01028 
ORDERING INFORMATION SCHEME 
Example: M48T02 -120 PC 1 
Supply Voltage and Lee ee Temp. Range 

Write Protect Voltage 
02 Vcc = 4.75V to 5.5V aS... 120ns a 1 0 to 70°C 


Vprp = 4.5V to 4.75V 


12 Vcc = 4.5V to 5.5V 
Vprp = 4.2V to 4.5V 


-150 150ns 


For a list of available options (Supply Voltage, Speed, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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MK48T08 
MK48T18 


CMOS 8K x 8 TIMEKEEPER SRAM 


=» INTEGRATED ULTRA LOW POWER SRAM, 
REAL TIME CLOCK, CRYSTAL, POWER-FAIL 
CONTROL CIRCUIT and BATTERY 


» BYTEWIDE RAM-LIKE CLOCK ACCESS 


=» BCD CODED YEAR, MONTH, DAY, DATE, 
HOURS, MINUTES and SECONDS 


# CLOCK ACCURACY of + 1 MINUTE a 
MONTH, @ 25°C 


=» SOFTWARE CONTROLLED CLOCK 
CALIBRATION for HIGH ACCURACY 
APPLICATIONS 


2 10 YEARS of DATA RETENTION in the 
ABSENCE of POWER 


& PIN and FUNCTION COMPATIBLE with 
JEDEC STANDARD 8K x 8 SRAMs 


= AUTOMATIC POWER-FAIL CHIP DESELECT and 
WRITE PROTECTION 


& CHOICE of TWO WRITE PROTECT 
VOLTAGES: 


— MK48T08: 4.5V < Vpep< 4.75V 
— MK48T18: 4.2V < Vpep< 4.5V 


Table 1. Signal Names 


int | Power Fa togt 
ee 
feo | ehipenatie? 
re oupatenabe 
co 
ie 
Tes 


Write Enable 


July 1993 


Supply Voltage 


PHDIP28 (B) 
Battery TOPHAT 


Figure 1. Logic Diagram 
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Table 2. Absolute Maximum Ratings 


"es a 


Supply Voltage —0.3 to 7 
| to | Output Current 
| _Po__| Power Dissipation 


Note: Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This Is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification ts not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below —0.3 volts are not allowed on any pin while in the Battery Back-up mode. 


Table 3. Operating Modes 


say 


Note: X = ViH or VIL 


Figure 2. DIP Pin Connections DESCRIPTION 


The MK48T08/18 TIMEKEEPER™ RAM is an 8K x 
8 non-volatile Static RAM and real time clock. A 
special 28 pin 600 mil dual-in- line plastic package 
houses the MK48T08/18 silicon with a quartz crys- 
tal and a long life button cell battery to form a highly 
integrated battery backed-up memory and realtime 
clock solution. The MK48T08/18 is a non-volatile 
pin and function equivalent to any JEDEC standard 
8K x 8 SRAM. It also easily fits into many ROM, 
EPROM, and EEPROM sockets, providing the non- 
volatility of PROMs without any requirement for 
MK48TO8 special write timing or limitations on the number of 
MK48718 writes that can be performed. 


As Figure 3 shows, the static memory array and the 
quartz controlled clock oscillator of the 
MK48T08/18 are integrated on one silicon chip. 
The two circuits are interconnected at the upper 
eight memory locations to provide user accessible 
BYTEWIDE™ clock information in the bytes with 
addresses 1FF8h-1FFFh. The clock locations con- 
tain the year, month, date, day, hour, minute, and 
VA00S658 second in 24 hour BCD format. Corrections for 28, 
29 (leap year), 30, and 31 day months are made 
automatically. Byte 1FF8h is the clock control reg- 
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Figure 3. Block Diagram 
TOP HAT 


OSCILLATOR AND 


— CLOCK CHAIN 


32768 Hz 
CRYSTAL | 


LITHIUM 
CELL VOLTAGE SENSE 
, AND 
SWITCHING 
CIRCUITRY 


DESCRIPTION (cont'd) 


The eight clock bytes are not the actual clock 
counters themselves; they are memory locations 
consisting of BIPORT™ read/write memory cells. 
The MK48T08/18 includes a clock control circuit 
which updates the clock bytes with current informa- 
tion once a second. The information can be ac- 
cessed by the user in the same manner as any 
other location in the static memory array. 


The MK48T08/18 also has its own Power-fail De- 
tect circuit. The control circuitry constantly monitors 
the single 5V supply for an out of tolerance condi- 
tion. When Vcc is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system op- 
eration brought on by low Vcc. As Vcc falls below 
approximately 3V, the control circuitry connects the 
battery which maintains data and clock operation 
until valid power returns. 


READ MODE 


The MK48T08/18 is in the Read Mode whenever 
W (Write Enable) is high, E1 (Chip Enable 1) is low, 
and E2 (Chip Enable 2) is high. The device archi- 
tecture allows ripple- through access of data from 
eight of 65,536 locations in the static storage array. 
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AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Ouiput Hi-Z is defined as the point where data 
is no longer driven. 


Figure 4. AC Testing Load Circuit 


1 8k 
DEVICE | 
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C, includes JIG capacitance 
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Table 4. Capacitance “ (Ta = 25 °C, f= 1 MHz) 


Symbol Parameter Test Condition 


Input Capacitance Ee ee 
Cio @ Input / Output Capacitance Vout = OV 


Notes: 1. Effective capacitance calculated from the equation C = IAt/AV with AV = 3V and power supply at 5V. 
2. Outputs deselected 


pF 


Table 5. DC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V 


) 
Trpattestage Curent | vsvnsvee || 
Fouputtestage rent | vsvarsvoo | | as 
Tsuppyouren | —Cuts en | | 
sippy Curent Seniors | Eiavweeeva | | 3 

eof A 


E1 = Voc -0.2V 
Supply Current (Standby) CMOS Eo = Veo Rat = 
Input Low Voltage ee ee ee ee 
Input High Voltage p22 vecvo3 | ov 


mA 


it 


=2.1 4 
Vor [Duiput Low Voltage | tuz2tma | | owe 
Output Low Voltage (INT) lrzosma S| ti(i‘dtttl Tl 


Notes: 1. Outputs Deselect. 
2 Measured with Control Bits set as follows: R ='1’; W, ST, FT =’0’. 
3 Typical value = 1mA. 
4. Negative spikes of -1V allowed for up to 10ns once per Cycle. 


Table 6. Power Down/Up Trip Points DC Characteristics (Ta = 0 to 70°C) 


Notes: 1. All voltages referenced to Vss. 
2. @ 25°C 
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Table 7. Power Down/Up Mode AC Characteristics (Ta = 0 to 70°C) 


am Veep (max) to Vprp (min) Vcc Fall Time 


ie estetemivenei | 
a CC 
nes [Et erWat worezatveaterPowerup tne 
a 


Notes: 1. Vprp (max) to VeFp (min) fall time of less than tr may result in deselection/write protection not occurring until 200 us after 
Vcc passes Vpep (min) 


2. VPFD (min) to Vso fall time of less than tf-g may cause corruption of RAM data 
3. INT may go high anytime after Vcc exceeds Vprp (min) and ts guaranteed to go high tpFH after Vcc exceeds VpFp (max). 


Figure 5. Power Down/Up Mode AC Waveforms 


Voc 
VPFD (max) 


VPFD (min) 


INPUTS DON'T CARE X nore ) 


RECOGNIZED RECOGNIZED 


OUTPUTS 


(PER CONTROL INPUT) (PER CONTROL INPUT) 
VA00566 


Note: Inputs may or may not be recognized at this time. Caution should be taken to keep Et high or E2 low as Vcc rises past Verp(min). Some 
systems may performs inadvertent write cycles after Vcc rises above Vpro(min) but before normal system operations begins Even though a 
power on reset Is being applied to the processor a reset condition may not occur until after the system clock ts running. 
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Table 8. Read Mode AC Characteristics (Ta =0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


MK48T08 / 18 
Symbol Parameter a ee 


| tava | Read |ReadCycleTime sid Time 


Ce fe 
8 a a eo a ee 
enor [ener ttoviecapavais ||| tee 
ies [ewemmnetnwowews [| we [0 | 
saat 
= 


ar lame TT ae 
wooe [Aitees Tanstin oouuctanain fs ) 


Figure 6. Read Mode AC Waveforms 


tAVAV 


VALID 
ev tAXQX F 


tE1LQV me tE1HQZ 


f 
tE1LQX =s 


tE2HQV Py CE ZLOZ. 
\ 
tEZHQX 
tGLQV 


tGLQX + 


DQO0—-DQ7 a VALID 
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Table 9. Write Mode AC Characteristics (Ta = 0 to 70°C; Vcc = 4.75V to 5.5V or 4.5V to 5.5V) 


MK48T08/18 


Co [| 
oa eee 
wen | Aas vetocrinewe teen [0 | | 0 | | 
wenn | tes vletcrinerabezvigh [0 | | 0 | | m= 
wm [Wis nabioPucowran ito | | oo | | ms 
Teun [tip Erato tow ocrinerasoran |e || ro [| ms 
Tteven | ip enato agri cnzmaveaton | oo | | to | | ms 
Tne | We nal ign tess Tastn [10 [| wo [|e 
evan [ip eae no aes Tanston [vo [| wo [| 
ane | Sip Enate zion oadiessTarston | ro | | 0 | | 
one | route wie eeborign | so |p ef 
oer | etait pene gn | so |e fe 
va | etait chp enoztow | so |e 
[woe | wie ena righ oipurtansion | s || s ||» 
[taoe | CipErate2tow okoutTansion | _s_| | s || mw 
Tae | wis erate ovieoapuez +d 
[wn | tess veto wi craiagh ‘| eo 
wen | ess vate ocr ewe igh | eo 
Teo 

= 


Address Valid to Chip Enable 2 Low 
Write Enable High to Output Transition 
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Figure 7. Write Enable Controlled, Write AC Waveforms 
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Figure 8. Chip Enable Controlled, Write AC Waveforms 
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READ MODE (cont'd) 


Thus, the unique address specified by the 13 Ad- 
dress Inputs defines which one of the 8,192 bytes 
of data is to be accessed. Valid data will be avail- 
able at the Data I/O pins within tavav (Address 
Access Time) after the last address input signal is 
stable, providing that the E1, E2, and G access 
times are also satisfied. If the Et, E2 and G access 
times are not met, valid data will be available after 
the latter of the Chip Enable Access Times (te1Lav 
or te2Hav) or Output Enable Access Time (teLav). 


The state of the eight three-state Data I/O signals 
is controlled by E1, E2 and G. If the outputs are 
activated before tavav, the data lines will be driven 
to an indeterminate state until tavav. If the Address 
Inputs are changed while E1, E2 and G remain 
active, output data will remain valid for taxax (Out- 
put Data Hold Time) but will go indeterminate until 
the next Address Access. 


WRITE MODE 


The MK48T08/18 is in the Write Mode whenever 
W, E1, and E2 are active. The start of a write is 
referenced from the latter occurring falling edge of 
W or E71, or the rising edge of E2. A write is 
terminated by the earlier rising edge of W or E71, or 
tne falling edge of E2. The addresses must be held 
valid throughout the cycle. E1 or W must return high 
or E2 low for minimum of te1HAx Or te2Lax from Chip 
Enable or twHax from Write Enable prior to the 
initiation of another read or write cycle. Data-in 
must be valid tovwu prior to the end of write and 
remain valid for twHpx afterward. G should be kept 
high during write cycles to avoid bus contention; 
although, if the output bus has been activated by a 
low on E71 and G and a high on E2, a low on W will 
disable the outputs twiaz after W falls. 


DATA RETENTION MODE 


With valid Vcc applied, the MK48T08/18 operates 
as a conventional BYTEWIDE static RAM. Should 
the supply voltage decay, the RAM will automat- 
ically power-fail deselect, write protecting itself 
when Vcc falls within the Vprp(max), VpFp(min) 
window. All outputs become high impedance, and 
all inputs are treated as "don’t care." 


Note: A power failure during a write cycle may 
corrupt data at the currently addressed location, 
but does not jeopardize the rest of the RAM’s 
content. At voltages below Vprp(min), the user can 
be assured the memory will be in a write protected 
state, provided the Vcc fall time is not less than tr. 
The MK48T08/18 may respond to transient noise 
spikes on Vcc that reach into the deselect window 
during the time the device is sampling Vcc. There- 
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fore, decoupling of the power supply lines is rec- 
ommended. 


When Vcc drops below Vso, the control circuit 
switches power to the internal battery which pre- 
serves data and powers the clock. The internal 
button cell will maintain data in the MK48T08/18 for 
an accumulated period of at least 10 years when 
Vcc is less than Vso. As system power returns and 
Vcc rises above Vso, the battery is disconnected, 
and the power supply is switched to external Vcc. 
Write protection continues until Vcc reaches 
Vprp(min). E1 should be kept high or E2 low as 
Voc rises past VprFp(min) to prevent inadvertent 
write cycles prior to processor stabilization. Normal 
RAM operation can resume trec after Vcc exceeds 
Vprp(max). 


POWER FAIL INTERRUPT PIN 


The MK48T08/18 continuously monitors Vcc. 
When Vcc falls to the power-fail detect trip point, 
an interrupt is immediately generated. An internal 
clock provides a delay of between 10us and 40us 
before automatically deselected the MK48T08/18. 
The INT pin is an open drain output and requires 
an external pull up resistor, even if the interrupt 
output function is not being used. 


SYSTEM BATTERY LIFE 


The useful life of the battery in the MK48T08/18 is 
expected to ultimately come to an end for one of 
two reasons: either because it has been dis- 
charged while providing current to the RAM and 
clock in the battery back-up mode, or because the 
effects of aging render the cell useless before it can 
actually be completely discharged. The two effects 
are virtually unrelated allowing discharge, or Ca- 
pacity Consumption, and the effects of aging, or 
Storage Life, to be treated as two independent but 
simultaneous mechanisms. The earlier occurring 
failure mechanism defines the battery system life 
of the MK48T08/18. 


Cell Storage Life 


Storage life is primarily a function of temperature. 
Figure 9 illustrates the approximate storage life of 
the MK48T08/18 battery over temperature. The 
results in Figure 9 are derived from temperature 
accelerated life test studies performed at SGS- 
THOMSON. For the purpose of the testing, a cell 
failure is defined as the inability of a cell stabilized 
at 25°C to produce a 2.4V closed circuit voltage 
across a 250 kQ load resistor. The two lines, ti% 
and tso%, represent different failure rate distribu- 
tions for the cell’s storage life. At 70°C, for example, 
the t1~% line indicates that an MK48T08/18 has a 1% 
chance of having a battery failure 11 years into its 
life while the tso% shows the part has a 50% chance 
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SYSTEM BATTERY LIFE (cont'd) 


of failure at the 20 year mark. The ti% line repre- 
sents the practical onset of wear out and can be 
considered the worst case Storage Life for the cell. 
The tso% can be considered the normal or average 
life. 


Calculating Storage Life 
The following formula can be used to predict stor- 
age life: 
1 
{[(TA1/TT)/SL1]+[(TA2/TT)/SL2]+...4{(TAN/TT)/SLNJ} 


where, 
~— TA1, TA2, TAN = time at ambient temperature 
1, 2, etc. 
— TT = total time = TA1+TA2+...+TAN 
- ie SL2, SLN = storage life at temperature 1, 
, etc. 


For example an MK48T08/18 is exposed to tem- 
peratures of 55°C or less for 8322 hrs/yr, and 
temperatures greater than 60°C but less than 70°C 


for the remaining 438 hrs/yr. Reading predicted tix 
values from Figure 9, 
— SL1 = 41 yrs, SL2 = 11.4 yrs 
— TT = 8760 hrs/yr 
— TA1 = 8322 hrs/yr, TA2 = 438 hrs/yr 
Predicted storage life = 
1 
{[(8322/8760)/41]+[(431/8760)/11.4]} 


or 36 years. 
Cell Capacity Life 


The MK48T08/18 internal cell has a rated capacity 
of 39mAh. The device places a nominal RAM and 
TIMEKEEPER load of less than 445nA at room 
temperature. At this rate, the capacity consump- 
tion life is 39E-3/445E-9 = 87,640 hours or about 
10 years. Capacity consumption life can be ex- 
tended by applying Vcc or turning off the clock 
oscillator prior to system power down. 


Calculating Capacity Life 


The RAM and TIMEKEEPER load remains rela- 
tively constant over the operating temperature 
range. Thus, worst case cell capacity life is essen- 
tially a function of one variable, Vcc duty cycle. For 


Figure 9. Predicted Battery Storage Life versus Temperature 
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example, if the oscillator runs 100% of the time with 
Vcc applied 60% of the time, the capacity con- 
sumption life is 10/(1-0.6), or 25 years. 


Estimated System Life 


Since either storage life or capacity consumption 
can end the battery’s life, the system life is marked 
by which ever occurs first. In the above example, 
this would be 25 years. 


Reference for System Life 


Each MK48T08/18 is marked with a nine digit 
manufacturing date code in the form of 
H9OOXXYYZZ. For example, H995B9231 is: 

— H = fabricated in Carrollton, TX 

— 9= assembled in Muar, Malaysia, 

— 9= tested in Muar, Malaysia, 

— 5B = lot designator, 


— 9231 = assembled in the year 1992, work 
week 31. 


CLOCK OPERATIONS 
Reading the Clock 


Updates to the TIMEKEEPER registers should be 
halted before clock data is read to prevent reading 
data in transition. Because the BIPORT TIME- 
KEEPER cells in the RAM array are only data 
registers, and not the actual clock counters, updat- 
ing the registers can be halted without disturbing 
the clock itself. 


Table 10. Register Map 


Address 


1FFFh 
1FFEh 


Keys: S =SIGN Bit 


or | pe | os | pe | os | pe | or | oo | 
pot ft var | 00 | 
ee ee a 
| irron | o [oo | ||| ort | 
Ten fo fe folfe|o| | | | ooo 
porn | oo | oo || Tor | oo | 
porn | oo || irs | 00-50 
a ee ee ee ee 
porn fw fs | tT ors 
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Updating is halted when a’1’ is written to the READ 
bit, the seventh bit in the control register. As long 
as a'1’ remains in that position, updating is halted. 
After a halt is issued, the registers reflect the count; 
that is, the day, date, and the time that were current 
at the moment the halt command was issued. 


All of the TIMEKEEPER registers are updated si- 
multaneously. A halt will not interrupt an update in 
progress. Updating is within a second after the bit 
is reset toa ’0’. 


Setting the Clock 


The eighth bit of the control register is the WRITE 
bit. Setting the WRITE bit to a’1’, like the READ bit, 
halts updates to the TIMEKEEPER registers. The 
user can then load them with the correct day, date, 
and time data in 24 hour BCD format (see Table 
10). Resetting the WRITE bit to a’0’ then transfers 
those values to the actual TIMEKEEPER counters 
and allows normal operation to resume. The FT bit 
and the bits marked as ’0’ in Table 10 must be 
written to ’0’ to allow for normal TIMEKEEPER and 
RAM operation. 


Stopping and Starting the Oscillator 


The oscillator may be stopped at any time. If the 
device is going to spend a significant amount of 
time on the shelf, the oscillator can be turned off to 
minimize current drain on the battery. The STOP 
bit is the MSB of the seconds register. Setting it to 
a ’1’ stops the oscillator. The MK48T08/18 is 
shipped from SGS-THOMSON with the STOP bit 
set to a ’1’. When reset to a ’0’, the MK48T08/18 
oscillator starts within 1 second. 


Function/Range 
BCD Format 


er 


FT = FREQUENCY TEST Bit (Set to 0’ for normal clock operation) 


R =READ Bit 

W =WARITE Bit 

ST = STOP Bit 

O =Must be written to ’0’ 


STi SGS-THOMSON 
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Calibrating the Clock 


The MK48T08/18 is driven by a quartz controlled 
oscillator with a nominal frequency of 32,768 Hz. 
The crystal is mounted in the tophat along with the 
battery. Atypical MK48T08/18 is accurate within +1 
minute per month at 25°C without calibration. The 
devices are tested not to exceed 35 PPM (parts per 
million) oscillator frequency error at 25°C, which 
equates to about + 1.53 minutes per month. Of 
course the oscillation rate of any crystal changes 
with temperature. Figure 11 shows the frequency 
error that can be expected at various temperatures. 
Most clock chips compensate for crystal frequency 
and temperature shift error with cumbersome trim 
capacitors. The MK48T08/18 design, however, 
employs periodic counter correction. The calibra- 
tion circuit adds or subtracts counts from the oscil- 
lator divider circuit at the divide by 128 stage, as 
shown in Figure 11. The number of times pulses 
are blanked (subtracted, negative calibration) or 
split (added, positive calibration) depends upon the 
value loaded into the five bit Calibration byte found 
in the Control Register. Adding counts speeds the 
clock up, subtracting counts slows the clock down. 


The Calibration byte occupies the five lower order 
bits in the Control register. This byte can be set to 
represent any value between 0 and 31 in binary 
form. The sixth bit is a sign bit; ’1’ indicates positive 
calibration, ’0’ indicates negative calibration. Cali- 
bration occurs within a 64 minute cycle. The first 62 
minutes in the cycle may, once per minute, have 
one second either shortened by 128 or lengthened 
by 256 oscillator cycles. If a binary ’1’ is loaded into 
the register, only the first 2 minutes in the 64 minute 
cycle will be modified; if a binary 6 is loaded, the 
first 12 will be affected, and so on. 


Therefore, each calibration step has the effect of 
adding 512 or subtracting 256 oscillator cycles for 
every 125,829,120 actual oscillator cycles, that is 
+4.068 or -2.034 PPM of adjustment per calibration 
step in the calibration register. Assuming that the 
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oscillator is in fact running at exactly 32,768 Hz, 
each of the 31 increments in the Calibration byte 
would represent +10.7 or - 5.85 seconds per month 
which corresponds to a total range of +5.5 or - 2.75 
minutes per month. 


Two methods are available for ascertaining how 
much calibration a given MK48T08/18 may require. 
The first involves simply setting the clock, letting it 
run for a month and comparing it to a known 
accurate reference (like WWV broadcasts). While 
that may seem crude, it allows the designer to give 
the end user the ability to calibrate his clock as his 
environment may require, even after the final prod- 
uct is packaged in a non-user serviceable enclo- 
sure. All the designer has to do is provide a simple 
utility that accesses the Calibration byte. The utility 
could even be menu driven and made foolproof. 


The second approach is better suited to a manu- 
facturing environment, and involves the use of 
some test equipment. When the Frequency Test 
(FT) bit, the seventh-most significant bit in the Day 
Register, is set to a’1’, and the oscillator is running 
at 32,768 Hz, the LSB (DQO) of the Seconds Reg- 
ister will toggle at 512 Hz. Any deviation from 512 
Hz indicates the degree and direction of oscillator 
frequency shift at the test temperature. For exam- 
ple, a reading of 512.01024 Hz would indicate a 
+20 PPM oscillator frequency error, requiring a 
-10(001010) to be loaded into the Calibration Byte 
for correction. Note that setting or changing the 
Calibration Byte does not affect the Frequency test 
output frequency. The device must be selected and 
addresses must stable at Address 1FF9h when 
reading the 512 Hz on DQO. 


The FT bit must be set using the same method used 
to set the clock, using the Write bit. The LSB of the 
Seconds Register is monitored by holding the 
MK48T08/18 in an extended read of the Seconds 
Register, without having the Read bit set. The FT 
bit MUST be reset to ’0’ for normal clock operations 
to resume. 
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Figure 10. Clock Calibration 
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Figure 11. Crystal Frequency Error 
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ORDERING INFORMATION SCHEME 


Example: MK48T08 B~ 10 


Supply Voliage and Package Speed 
Write Protect Voltage 
08 Voc = 4.75V to 5.5V B PHDIP28 10 100ns 
Vpep = 4.5V to 4.75V 15 450ns 


18 Vcc = 4.5V to 5.5V 
Vprp = 4.2V to 4.5V 


For a list of available options (Package and Speed) refer to the Selector Guide in this Data Book or to the 
current Memory Shortform catalogue. 


For further information or any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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CMOS 8K x 8 TIMEKEEPER SRAM 


a PIN and FUNCTION COMPATIBLE with the 
MK48T08,18 


e SELF CONTAINED BATTERY and CRYSTAL 
in the CAPHAT DIP PACKAGE 


e SMALL OUTLINE PACKAGE PROVIDES 
DIRECT CONNECTION for a SNAPHAT 
HOUSING CONTAINING the BATTERY and 
CRYSTAL 


mw SNAPHAT HOUSING (BATTERY and 
CRYSTAL) REPLACEABLE 


# 10 YEARS of DATA RETENTION and CLOCK 
OPERATION in the ABSENCE of POWER 


DESCRIPTION 


The M48T08,18 TIMEKEEPER™ RAM is an 8K x 
8 non-volatile static RAM and real time clock which 
is pin and functional compatible with the 
MK48T08,18. The monolithic chip is available in 
two special packages to provide a highly integrated 
battery backed-up memory and real time clock 
sojution. 


Table 1. Signal Names 


a 


Ground 


November 1993 


PCDIP28 (PC) 
Battery CAPHAT 


SOH28 (MH) 
Battery SNAPHAT 


Figure 1. Logic Diagram 
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Figure 2A. DIP Pin Connections 
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DESCRIPTION (cont'd) 


The 28 pin 600mil DIP CAPHAT™ houses the 
M48T08,18 silicon with a quartz crystal and a long 
life lithium button cell in a single package. 


The 28 pin 330mil SO provides sockets with gold 
plated contacts at both ends for direct connection 
to a separate SNAPHAT™ housing containing the 
battery and crystal. The unique design allows the 
SNAPHAT battery package to be mounted on top 
of the SO package after the completion of the 
surface mount process. 


Insertion of the SNAPHAT housing after reflow 
prevents potential battery and crystal damage due 


Figure 2B. SO Pin Connections 
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to the high temperatures required for device sur- 
face-mounting. The SNAPHAT housing is keyed to 
prevent reverse insertion. 


The SO and battery package are shipped sepa- 
rately in plastic anti-static tubes. The SO is also 
available to ship in Tape & Reel form. For the 
M48T18, the battery package part number is 
"M4T28-BR12SH1". 


The ordering information scheme shows the part 
number for the CAPHAT DIP and the SNAPHAT 
SOIC. Fora complete description of electrical char- 
acteristics and bus timing, refer to the MK48T08, 18 
data sheet. 
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ORDERING INFORMATION SCHEME 


Example: M48T18 -100 MH 
Supply Voltage and Write ; ee ee ; Teme Rane 7 Range Shipping Method 
Protect Voltage for SO 
* Voc = 4.75V to 5.5V agrees 100ns Beall 0 to 70 Boccia blank Tubes 
epee ety MH SOH28 TR Tape &Reel 


18 Voc = 4.5V to 5.5V 
Vpep = 4.2V to 4.5V 


Note: 08° CAPHAT package only. 


For a list of available options (Supply Voltage, Speed, Package, etc...) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact S@€S-THOMSON Sales Office nearest 
to you. 
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Ays G5" THOMSON M48T58 


CMOS 8K x 8 TIMEKEEPER SRAM 


PRODUCT CONCEPT 


INTEGRATED LOW POWER SRAM, REAL 
TIME CLOCK, and POWER-FAIL CONTROL 
CIRCUIT 


CLOCK CALIBRATED at FACTORY for HIGH 
ACCURACY 


2 SELF CONTAINED BATTERY and CRYSTAL e i. 
in the CAPHAT DIP PACKAGE Baer 

& DIRECT CONNECTION for a SNAPHAT Ay z Kit 
BATTERY/CRYSTAL PACKAGE on the SO | 28° SQ quit 
PACKAGE 1 

=» BCD CODED YEAR, MONTH, DAY, DATE, 
HOURS, MINUTES and SECONDS with PCDIP28 (PC) SOH28 (MH) 
BYTWIDE RAM-LIKE ACCESS Battery CAPHAT Battery SNAPHAT 


# AUTOMATIC POWER-FAIL CHIP DESELECT 
and WRITE PROTECTION 

FREQENCY TEST OUTPUT for REAL TIME 
CLOCK 


Figure 1. Logic Diagram 


DESCRIPTION 


The M48T58 TIMEKEEPER™ RAM is an 8K x 8 
non volatile static RAM and real time clock. The 
monolithic chip is available in two special packages 
to provide a highly integrated battery backed-up 
memory and real time clock solution. 


Table 1. Signal Names 
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M48T58 


Figure 2A. DIP Pin Connections 
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DESCRIPTION (cont'd) 


The 28 pin 600mil CAPHAT™ DIP houses the 
M48T58 silicon with a quartz crystal and a long life 
lithium button cell in a single package. The 28 pin 
330mil SO provides sockets with gold plated con- 
tacts at both ends for direct connection to a sepa- 
rate SNAPHAT™ housing containing the battery 
and crystal. The unique design allows the 
SNAPHAT battery package to be mounted on top 
of the SO after the completion of the surface mount 
process. Insertion of the SNAPHAT housing after 
reflow prevents potential battery and crystal dam- 
age due to the high temperatures required for 
device surface mounting. The SNAPHAT housing 
is keyed to prevent reverse insertion. 


The M48T58 is functional equivalent to any JEDEC 
standard 8K x 8 SRAM. It also easily fits into many 
ROM, EPROM, and EEPROM sockets, providing 
the non volatility of PROMs without any require- 
ment for special write timing or limitations on the 
number of writes that can be performed. 


The static memory array and the quartz controlled 
clock oscillator of the M48T58 are integrated on 
one silicon chip. The two circuits are intercon- 
nected at the upper seven memory locations to 
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Figure 2B. SO Pin Connections 
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provide user accessible BYTEWIDE™ clock infor- 
mation in the bytes with addresses 1FF9h-1FFFh. 
The clock locations contain the year, month, date, 
day, hour, minute, and second in 24 hour BCD 
format. Corrections for 28, 29 (leap year), 30, and 
31 day months are made automatically. Byte 
1FF8h is the clock control register. This byte con- 
trols user clock access and stores the digital clock 
calibration setting. 


The clock related bytes are not the actual clock 
counters themselves; they are memory locations 
consisting of BIPORT™ read/write memory cells. 
The M48T58 includ es a clock control circuit which 
updates the clock bytes with current information 
once a second. The information can be accessed 
by the user in the same manner as any other 
location in the static memory array. 


The M48T58 also has its own power-fail detect 
circuit. The control circuitry constantly monitors the 
single 5V supply for an out of tolerance condition. 
When Vcc is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system op- 
eration brought on by low Vcc. As Vcc falls below 
approximately 3V, the control circuitry connects the 
battery which maintains data and clock operation 
until valid power returns. 


OMSON 
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CMOS 8K x 8 TIMEKEEPER SRAM 


PRODUCT CONCEPT 


INTEGRATED LOW POWER SRAM, REAL 
TIME CLOCK, and POWER-FAIL CONTROL 
CIRCUIT 

=» CLOCK CALIBRATED at FACTORY for HIGH 
ACCURACY 


MICROPROCESSOR POWER-ON RESET 
(VALID all the WAY to Vcc = Vss) 


» PROGRAMMABLE WATCHDOG OUTPUT 


PROGRAMMABLE ALARM OUTPUT ACTIVE 1 

in the BATTERY BACK-UP MODE PCDIP28 (PC) SOH28 (MH) 

a SELF CONTAINED BATTERY and CRYSTAL Battery CAPHAT Battery SNAPHAT 
in the CAPHAT DIP PACKAGE 


# DIRECT CONNECTIONS for a SNAPHAT 
BATTERY/CRYSTAL PACKAGE on the SO 
PACKAGE 


e& BATTERY LOW WARNING 


Figure 1. Logic Diagram 


DESCRIPTION 


The M48T59 TIMEKEEPER™ RAM is an 8K x 8 
non volatile static RAM and real time clock. The 
monolithic chip is available in two special packages 
to provide a highly integrated battery backed-up 
memory and real time clock solution. 


Table 1. Signal Names 
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Figure 2A. DIP Pin Connections 
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DESCRIPTION (cont'd) 


The 28 pin 600mil DIP CAPHAT™ houses the 
M48T59 silicon with a quartz crystal and a long life 
lithium buiton cell in a single package. The 28 pin 
330mil SO provides sockets with gold plated con- 
tacts at both ends for direct connection to a sepa- 
rate SNAPHAT™ housing containing the battery 
and crystal. The unique design allows the 
SNAPHAT battery package to be mounted on top 
of the SO after the completion of the surface mount 
process. Insertion of the SNAPHAT housing after 
reflow prevents potential battery and crystal dam- 
age due to the high temperatures required for 
device surface mounting. The SNAPHAT housing 
is keyed to prevent reverse insertion. 


The M48T59 is functional equivalent to any JEDEC 
standard 8K x 8 SRAM. It also easily fits into many 
ROM, EPROM, and EEPROM sockets, providing 
the non volatility of PROMs without any require- 
ment for special write timing or limitations on the 
number of writes that can be performed. 


The static memory array and the quartz controlled 
clock oscillator of the M48T59 are integrated on 
one silicon chip. The two circuits are intercon- 
nected at the upper seven memory locations to 
provide user accessible BYTEWIDE™ clock infor- 
mation in the bytes with addresses 1FF9h-1FFFh. 
The clock locations contain the year, month, date, 
day, hour, minute, and second in 24 hour BCD 
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Figure 2B. SO Pin Connections 
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format. Corrections for 28, 29 (leap year), 30, and 
31 day months are made automatically. Byte 
1FF8h is tne clock control register. This byte con- 
trols user clock access and stores the digital clock 
calibration setting. Byte 1FF7h contains the watch- 
dog timer setting. Bytes 1FF5h-1FF2h are re- 
served for clock alarm programming. 


The clock related bytes are not the actual clock 
counters themselves; they are memory locations 
consisting of BIPORT™ read/write memory cells. 
The M48T59 includes a clock control circuit which 
updates the clock bytes with current information 
once a second. The information can be accessed 
by the user in the same manner as any other 
location in the static memory array. 


A power-on reset output provides a resei pulse to 
the microprocessor. It pulls low (open drain) on 
power-down and remains low on power-up for 
40ms to 200ms after Vcc passes Vprp. The reset 
pulse remains active with Vcc at Vss. 


The M48T59 also has its own power-fail detect 
circuit. The control circuitry constantly monitors the 
single 5V supply for an out of tolerance condition. 
When Vcc is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system op- 
eration brought on by low Vcc. As Vcc falls below 
approximately 3V, the control circuitry connects the 
battery which maintains data and clock operation 
until valid power returns. 
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ST1305 


HIGH ENDURANCE CMOS 192 bit EEPROM 
WITH SECURE LOGIC ACCESS CONTROL 


# SINGLE 5V SUPPLY VOLTAGE 
# PROGRAMMING TIME: 5 ms 
=» MEMORY DIVIDED INTO: 
— 24 bits of Chip Data 
— 40 bits of Application Data 
— 48 bits of Count Data 
— 12 extra-bits of Transport Code 
. — 64 bits of Issuer Data 
® COUNTING CAPABILITY up to 262,144 UNITS 


=» CIRCUIT PROTECTED by TRANSPORT CODE 
for DELIVERY from SGS-THOMSON to the 
CUSTOMER 


=» 5 EXTERNAL CONTACTS ONLY (ISO 7816 
COMPATIBLE) 


=» ANSWER to RESET FULLY COMPATIBLE with 
ISO 7816-3 


# E.S.D. GREATER THAN 4000V 
=» POWER-ON and LOW Vcc RESET 


DESCRIPTION 


The ST1305 is a 192 bits EEPROM memory with 
associated security logic to control memory ac- 
cess. The circuit includes counting capabilities and 
thus is very well adapted to prepaid card applica- 
tions. 

The ST1305 is protected by hardwired security 
logic and special fuses. The memory is a matrix of 
24 x 8 cells accessed bit by bit for reading and 
programming, and by byte for internal erasing in 
final application. 


Table 1. Signal Names 
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Figure 1. Logic Diagram 
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INTERNAL ADDRESS MAPPING configurations: In the ISSUER configuration it is 
The internal address space of the ST1305 is di- | USed to store the Transport Code loaded by SGS- 
vided into five zones a how in Figure 2. These | 'HOMSON for security during delivery to the card 


zones are the actual EEPROM memory array. The issuer; in the USER configuration it is used as a 
Transport Code or Counter area is used in two serie of counters. 


Figure 2. Memory Map 


IN FINAL 
APPLICATION 


CIRCUIT IDENTIFICATION 16 Bits 


AREA 8 Bits 

APPLICATION EEPROM 

IDENTIFICATION 40 Bits rear 
AREA 


COUNTERS & 
TRANSPORT CODE 
AREA 


TRANSPORT CODE AREA 


ISSUER DEFINED 
AREA 


64 Bits 


VA01037B 
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{ SGS-THOMSON 311331 
IZ, MICROELECTRONICS ST1336 


SMARTCARD CMOS 272 bit EEPROMs 


ADVANCE DATA 


s SINGLE 5V SUPPLY VOLTAGE 

x PROGRAMMING TIME <5 ms 

= MEMORY DIVIDED INTO: 

16 bits of Chip Identification Data 
48 bits of Card Identification Data 
up to 40 bits of Counter 

16 bits for Valorisation Certificate 
64 bits for Issuer Defined Data 

32 bits for Anti-Tearing Flags 

— 56 bits of User/Issuer Defined Data 


COUNTING CAPABILITY up to 32,768 (85) 
UNITS 


a CIRCUIT PROTECTED by TRANSPORT 
CODE for DELIVERY from SGS-THOMSON to 
the CUSTOMER Figure 1. Logic Diagram 
CERTIFICATE for CARD VALORISATION 
® SPECIAL ANTI-TEARING MECHANISM 


# 2 COMMUNICATION PROTOCOLS 
POSSIBLE 


— 6 Contacts for ST1331 
— 5 Contacts for ST1336 


e ANSWER to RESET COMPATIBLE with ISO 
7816-3 


» E.S.D. GREATER THAN 4000V 
» POWER-ON, LOW and HIGH Vcc RESET 


=» ST1336 COMPATIBLE with ST1305 or 
EQUIVALENT 


Micromodule 


B S7T1331 


(Sy ST1336 


Table 1. Signal Names 
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DESCRIPTION 


The ST1331 and ST1336 are 272 bits EEPROM 
memories protected by hard wired security logic 
and special fuses. The memory is a matrix of 34 x 
8 cells, accessed bit by bit for reading and program- 
ming, and by byte for internal erasing in final appli- 


A valorisation certificate is implemented in the 
memory and allows the recognition of the circuit by 
the appropriate security module. An anti-tearing 
mechanism allows the prevention of any loss of 
units in the case of an aborted operation when 
using open reader (unwanted card extraction). The 
circuits are very well adapted for prepaid phone 


cation. Aaah 
card applications. 


Figure 2. Memory Map 


IN FINAL 
APPLICATION 


CIRCUIT IDENTIFICATION 16 Bits 


APPLICATION 
IDENTIFICATION 
AREA 


EEPROM 
CELLS 
MATRIX 


48 Bits 


READ, 
WRITE, 
ERASE 


COUNTERS 40 Bits 


CERTIFICATE 16 Bits READ, WRITE 


READ, 
ONLY 


ISSUER DEFINED 


AREA 64 Bits 


READ, 
WRITE, 
ERASE 


ANTI-—TEARING 


FLAGS 52 Bits 


READ, 
WRITE, 
(ERASE optional) 


USER DEFINED 


AREA 56 Bits 


VAOS59 
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Figure 3. $ST1331 - 6 Contacts Protocol Figure 4. ST1336 - 5 Contacts Protocol 


= 
= 


PROGRAM 


Command 


NO EFFECT 


COMPARE 


PROGRAM 


a 
i 
<< 


Programmed bit at ’1’ (I/O line = Vcc) Programmed bit at ’0’ (I/O line = GND) 
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$T1333 
$T1335 


SMARTCARD CMOS 272 bit EEPROMs 


ADVANCE DATA 


e SINGLE 5V SUPPLY VOLTAGE 

=» PROGRAMMING TIME <5 ms 

=» MEMORY DIVIDED INTO: 

16 bits cf Chip Identification Data 
48 bits of Card Identification Data 
up to 40 bits of Counter 

16 bits for Valorisation Certificate 

— 64 bits for Authentication Secret Key 
— 32 bits for Anti-Tearing Flags 

— 56 bits of User/Issuer Defined Data 


=» COUNTING CAPABILITY up to 32,768 (8°) 
UNITS 


CIRCUIT PROTECTED by TRANSPORT CODE 
for DELIVERY from SGS-THOMSON to the 
CUSTOMER (ST1335 only) 


CERTIFICATE for CARD VALORISATION 
ADVANCED AUTHENTICATION FUNCTION 
SPECIAL ANTI-TEARING MECHANISM 

2 COMMUNICATION PROTOCOLS POSSIBLE 
— 6 Contacts for ST1333 

— 5 Contacts for ST1335 


» ANSWER to RESET COMPATIBLE with ISO 
7816-3 


8 E.S.D. GREATER THAN 4000V 
» POWER-ON, LOW and HIGH Vcc RESET 


8 $S71335 COUNTERS COMPATIBLE with 
$1T1305 or EQUIVALENT 


Table 1. Signal Names 


Function Code for ST1333 
RST 
Reset for ST1335 
‘Bo Function Code (ST1333 only) 


Data Input / Output 
Supply Voltage 
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Figure 1. Logic Diagram 
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DESCRIPTION 


The ST1333 and ST1335 are 272 bits EEPROM 
memories protected by hard wired security logic 
and special fuses. The memory is a matrix of 34 x 
8 cells, accessed bit by bit for reading and program- 
ming, and by byte for internal erasing in final appli- 
cation. 


Authentication secret key and valorisation certifi- 
cate are implemented in the memory and allow the 


Figure 2. Memory Map 


CIRCUIT IDENTIFICATION 


APPLICATION 
IDENTIFICATION 48 Bits 
AREA 


COUNTERS 40 Bits 


16 Bits 


AUTENTICATION 


SECRET KEY 64 Bits 


ANTI-—TEARING 


FLAGS 52 Bits 


USER DEFINED 


AREA 56 Bits 
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recognition of the circuit by the appropriate security 
module. A unique 4 bits authentication signature is 
generated from chip data and chip secret key when 
this circuit is challenged by the security module. An 
anti-tearing mechanism allows the prevention of 
any loss of units in the case of an aborted operation 
when using open reader (unwanted card extrac- 
tion). The circuits are very well adapted for prepaid 
phone card applications. 


IN FINAL 
APPLICATION 


EEPROM 
CELLS 
MATRIX 


READ, WRITE 


READ 


READ, 
WRITE, 
ERASE 


READ, 
WRITE, 
(ERASE optional) 


VA01166B 
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Figure 3. ST1333 - 6 Contacts Protocol Figure 4. ST1335 - 5 Contacts Protocol 


Ce [= 

a 
PROGRAM 

Pf 


Command 


NO EFFECT 


COMPARE 


PROGRAM 
Programmed bit at ’1’ (1/O line = Vcc) Programmed bit at '0’ (I/O line = GND) 
IT SGS-THOMSON a eee 
S/ Micronlecneoes 
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ST14C02C 


SERIAL ACCESS CMOS 2K (256 x 8) EEPROM 


= MINIMUM 71 MILLION ERASE/WRITE 
CYCLES with OVER 10 YEARS DATA 
RETENTION 


a SINGLE 8V to 5.5V SUPPLY VOLTAGE 


= TWO WIRE SERIAL INTERFACE, FULLY [?C 
BUS COMPATIBLE 


» BYTE and MULTIBYTE WRITE (up to 4 
BYTES) 


= PAGE WRITE (up to 8 BYTES) 


=» BYTE, RANDOM and SEQUENTIAL READ 
MODES 


=» SELF TIMED PROGRAMMING CYCLE 
=» AUTOMATIC ADDRESS INCREMENTING 


= ENHANCED ESD/LATCH-UP 
PERFORMANCES 


DESCRIPTION 


The ST14C02C is a 2K bit electrically erasable 
programmable memory (EEPROM), organized as 
256 x 8 bits. It is manufactured in SGS-THOM- 
SON’s Hi-Endurance Advanced CMOS technology 
which guarantees an endurance of more than one 
million erase/write cycles with a data retention of 
over 10 years. This memory operates with a supply 
voltage value as low as 3V. Both sawn and unsawn 
wafers and modules on film are available. 


The memory is compatible with the I@C standard, 
two wire serial interface which uses a bi-directional 
data bus and serial clock. It carries a built-in 7 bit, 
unique device identification code (1010000) corre- 


Table 1. Signal Names 


Serial Data Address Input/Output 
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Figure 1. Logic Diagram 


S1T14CO02C 


VA01162 


1/12 
1093 


ST14C02C 


Figure 2A. Contact Connections Figure 2B. Die Floor Plan 


ST14CO02C 


VA01163 VA01164 


Note: AO is internally connected to GND. The two MODE pads 
and the two Vcc pads are internally connected together. 


Table 2. Absolute Maximum Ratings 


ie Ambient Operating Temperature 

Storage Temperature Wafer form 
Module form —40 to 120 

Input or Output Voltage 


, Electrostatic Discharge Voltage (Human Body model) ©? 4000 
ESD 
Electrostatic Discharge Voltage (Machine model) (8) 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3. EIAJ IC-121 (Condition C) (200pF, 0 22). 


DESCRIPTION (cont’d) clock. Read and write operations are initiated by a 
START condition generated by the bus master. The 
sponding to the I@C bus definition. Only one mem- START condition is followed by a stream of 7 bits 


ory can be attached to the I@C bus. This memory (identification code 1010000), plus one read/write 
behaves as a slave device in the I°C protocol with bit and terminated by an acknowledge bit. 
all memory operations synchronized by the serial 
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Table 3. Device Select Code 


a 


$T14C02C 


Device Select 


Note: The MSB b7 ts sent first. 


Table 4. Operating Modes “) 


Current Address Read 


Random Address Read 


a 
<a 
a 
[Seaeniiteca | 
fovewie if 
Tiiioyewiie [0 
Teague io 


Note: 1. X= Vinor Vit 


Bytes Initial Sequence 
a oe START, Device Select, RW ='1’ 


ae | reSTART, Device Select, RW ='1’ 
1 to 256 Similar to Current or Random Mode 


— START, Device Select, RW ='0’ 


START, Device Select, RW = 0’, Address 


START, Device Select, RW = ’0’ 


START, Device Select, RW =’0’ 


Table 5. Endurance and Data Retention Guarantees 


ST14C02C 


When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi- 
nated with a STOP condition. 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vcc 
voltage has reached the POR threshoid value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to ary command. A stable Vcc 
must be applied before applying any logic signal. 


Device Endurance Data Retention 
E/W Cycles Years 
1,000,000 10 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vcc 
to act as a pull up (see Figure 4). 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (see Figure 4). 


VMiode (MODE). Tne MODE input may be driven 
dynamically. It must be at Vit or Vin for the Byte 
Write mode, Vin for Multibyte Write mode or Vir for 
Page Write mode. When unconnected, the MODE 
input is internally read as a Vin (Multibyte Write 
mode). Note that the voltages are CMOS levels, 
not TTL compatible. 
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AC MEASUREMENT CONDITIONS 


Figure 3. AC Testing Input Output Waveforms 


Input Rise and Fall Times < 50ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


VA00825 


Table 6. Capacitance ™) (Ta = 25 °C, f = 100 kHz 


symbol Test Condition 
Input Capacitance (SDA) a 
Input Capacitance (other pins) Le 


200 300 


Cpus (pF) VA01100 
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DEVICE OPERATION 
IC Bus Background 


The ST14C02C supports the I°C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. This memory is always slave device 
in all communications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the memory continu- 
ously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 


Stop Condition. STOP is identified by a low to 
high transition of the SDA line while the clock SCL 
is stable in the high state. ASTOP condition termi- 
nates communication between the memory and the 
bus master. ASTOP condition at the end of a Read 
command forces the standby state. ASTOP condi- 
tion at the end of a Write command triggers the 
internal EEPROM write cycle. 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 


Data Input. During data input the ST14C02C 
samples the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera- 
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 


Memory Addressing. To start communication 
between the bus master and the slave memory, the 
master must initiate a START condition. Following 
this, the master sends onto the SDA bus line 8 bits 
(MSB first) corresponding to the device select code 
(7 bits) and a READ or WRITE bit. 


The 7 most significant bits of the device select code 
are the device type identifier, corresponding to the 
°C bus definition. For these memories the 7 bits 
are fixed as 1010000b (AOh). 


The 8th bit sent is the read or write bit (RW), this 
bit is set to ’1’ for read and ’0’ for write operations. 
Ifa match is found, the corresponding memory will 


$T14C02C 


acknowledge the identification on the SDA bus 
during the 9th bit time. 


Write Operations 


The Multibyte Write mode is selected when the 
MODE pin is at Vin and the Page Write mode when 
MODE pin is at Vic. The MODE pin may be driven 
dynamically with CMOS input levels. 


Following a START condition the master sends a 
device select code with the RW bit reset to ’0’. The 
memory acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac- 
cess to 256 bytes of the memory. After receipt of 
the byte address the device again responds with 
an acknowledge. 


Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 
is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either Vin 
or ViL, to minimize the stand-by current. 


Multibyte Write. For the Multibyte Write mode, the 
MODE pin must be at Vin. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the mem- 
ory. The transfer is terminated by the master gen- 
erating a STOP condition. The duration of the write 
cycle is tw = 10ms maximum except when bytes 
are accessed on 2 rows (that is have different 
values for the 6 most significant address bits A7- 
A2), the programming time is then doubled to a 
maximum of 20ms. Writing more than 4 bytes in the 
Multibyte Write mode may modify data bytes in an 
adjacent row (one row is 8 bytes long). However, 
the Multibyte Write can properly write up to 8 
consecutive bytes only if the first address of these 
8 bytes is the first address of the row, the 7 following 
bytes being written in the 7 following bytes of this 
same ‘row’. 


Page Write. For the Page Write mode, the MODE 
pin must be at Vi_. The Page Write mode allows up 
to 8 bytes to be written in a single write cycle, 
provided that they are all located in the same ‘row’ 
in the memory: that is the 5 most significant mem- 
ory address bits (A7-A3) are the same. The master 
sends from one up to 8 bytes of data, which are 
each acknowledged by the memory. After each 
byte is transfered, the internal byte address counter 
(3 least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad- 
dress counter ‘roll-over’ which could result in data 
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Table 7. DC Characteristics (Ta = 0 to 70 °C; Vcc = 8V to 5.5V) 


Symbo Test Conaition 
bo tg Input Leakage Current OV < Vin S$ Voc 
eae Input Leakage Current (MODE pad) OV < Vin $ Voc 


Vec = 5V, fo = 100kHz 
pe ais oad (Rise/Fall time < 10ns) ; | 
Supply Current (Standby VIN a Ne ice = 


) 
Input Low Voltage (SCL, SDA) —0.3 | 03Vec | vi | 
) 


Iu 
ls 
ILo 
loc 
a Vv 
InputHigh Voltage (SCL.SDA) | v 
a y 


Input High Voltage (MODE) 
Output Low Voltage lo. = 3mA, Vcc = 5V P| oe fv 


Table 8. AC Characteristics (Ta = 0 to 70 °C; Vcc = 8V to 5.5V) 


symbol | at | Parameter 


t Clock Rise Time 
te ___| Clock Fall Time 300 


tsu STA Clock High to Input Transition 
tHIGH Clock Pulse Width High 
Input Low to Clock Low (START) 


= 
oe 
Lod 
a 
| tcn | tow | ClockPusewisthtow | a7 fs 
a 
ae 
a 


tHD DAT Clock Low to Input Transition 
Input Transition to Clock Transition 
0) 


Tex [tor | ta Out Hot Tne aterciccctow foo || ne 
ie | ee otek Frewerey 


Notes: 1. For a reSTART condition, or following a write cycle. 
2. In the Multibyte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (6 address MSB are not constant) the 
maximum programming time ts doubled to 20ms 


| Min | 
al nes 
i ee 
, ae 
| toons | te | mputraitime 00s 
| teusa | par 
| then i a 
Eee 
[tho oar | po 
A 
DH 
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Figure 5. AC Waveforms 


' START | SDA ' SDA STOP & 


CONDITION INPUT CHANGE BUS FREE 


Faees 


SDA OUT DATA VALID 


#— DATA OUTPUT —> 


WRITE CYCLE ——--—_»<—___ 
START 


CONDITION CONDITION 
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DEVICE OPERATION (cont'd) The sequence is as follows: 
— Initial condition: a Write is in progress (See Figure 
being overwritten. Note that, for any write mode, 7). 


the generation by the master of the STOP condition 
starts the internal memory program cycle. All inputs 
are disabled until the completion of this cycle and 
the memory will not respond to any request. 


Minimizing System Delays by Polling On ACK. 


— Step 1: the master issues a START condition 
followed by a device select byte (1st byte of the 
new instruction). 


— Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 


During the internal write cycle, the memory discon- master goes back to Step 1. If the memory has 
nects itself from the bus in order to copy the data terminated the internal write cycle, it will respond 
from the internal latches to the memory cells. The with an ACK, indicating that the memory is ready 


maximum value of the write time (tw) is given in the to receive the second part of the next instruction 


AC Characteristics table, since the typical time is (the first byte of this instruction was already sent 
shorter, the time seen by the system may be re- during Step 1). 


duced by an ACK polling sequence issued by the 
master. 


Figure 6. I?C Bus Protocol 


START SDA SDA STOP 
CONDITION INPUT CHANGE CONDITION 


START 
CONDITION 


eh 
STOP 
CONDITION 
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Figure 7. Write Cycle Poiling using ACK 


WRITE Cycle 
in Progress 
START Condition 


DEVICE SELECT 


with RW = O 


ACK 
Returned 


YES 


Operation is 
RANDOM ADDRESS 
READ or WRITE 


ISSUE the 
Second Part of 
the Instruction 


Proceed 
Next Instruction 


VA01099 


<i 9/12 
kyy SGS-THOMSON —___#"e 
1101 


ST14C02C 


Figure 8. Write Modes Sequence 


ACK 


ACK ACK 


1 Caey sa, Ceremboe | bee 


START 


ACK 
MULTIBYTE 


aso CL [roy Se], Cereb oe |! SAN || ater 


PAGE WRITE 
START RW 


ACK ACK 


DEA TD 


STOP 


Read Operations 


Read operations are independent of the state of the 
MODE pin. On delivery, the memory content is set 
at all'"1’s" (or FFh). 


Current Address Read. The memory has an inter- 
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad- 
dress Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to ‘1’. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out- 
put, but terminates the transfer with a STOP con- 
dition. 


Random Address Read. A dummy write is per- 
formed to load the address into the address 
counter, see Figure 9. This is followed by another 
START condition from the master and the byte 
address is repeated with the RW bit set to 1’. The 
memory acknowledges this and outputs the byte 


STOP 


ACK ACK 


VA00793 


addressed. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se- 
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat- 
ically incremented after each byte output. After a 
count of the last memory address, the address 
counter will ’roll- over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the memory waits for an acknowledge during the 
9th bit time. If the master does not pull the SDAline 
low during this time, the ST14C02C terminate the 
data transfer and switches to a standby state. 
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CURRENT 
ADDRESS 
READ 


RANDOM 
ADDRESS 
READ 


SEQUENTIAL 
CURRENT 
READ 


SEQUENTIAL 
RANDOM 
READ 
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Figure 9. Read Modes Sequence 


NO ACK 


ATLL 


DEV SEL 


START RW 


ACK ACK NO ACK 


DEV -SEL | BYTE ADDR It DEV SEL DATA OUT fi 


| 
iE 
START RW 


START RW STOP 


NO ACK 


DATA OUT 1 


ACK ACK ACK 


[ESR TEDcecTonlae 


| ey 
RW RW 


DEV SEL 


NO ACK 


he 
Ist) 
LL DATA OUT, N id 


STOP VA00794B 
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ORDERING INFORMATION SCHEME 


Example: ST14C02C U 


Delivery Form 


U —_ Micromodule 
on Reel 


W2 Wafer 280um 
thickness 


Parts are shipped with the memory content set at all "1’s" (FFh). 

For alist of available options refer to the Selector Guide in this Data Book or to the current Memory Shortform 
catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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STI6XYZ 


CMOS MCU BASED FAMILY OF SMARTCARDS ICs 


=» 8 BIT ARCHITECTURE CPU 

B 2to 16K BYTES of USER ROM 

= 96 to 1K BYTES of USER RAM 

= 64 to 64K BYTES of EEPROM 

=» SERIAL ACCESS, ISO 7816-3 PIN OUT COM- 
PATIBLE 

» 5 MHz INTERNAL OPERATING FREQUENCY 

SINGLE SUPPLY VOLTAGE IN ALL OPERAT- 
ING MODES (5V + 10%) 

=» POWER ON RESET 

a 1 to 32 BYTES MULTIBYTE EEPROM PRO- 
GRAMMING CAPABILITY 

=m VERY HIGH SECURITY LEVEL 

=» CUSTOMER OPTIONS FOR: SECURITY, 
SPEED, INTERRUPT, I/O CONFIGURATION 


m HIGHLY RELIABLE CMOS EEPROM TECH- 
NOLOGY 


DESCRIPTION 


The STi6XY is the generic name of a family of 
serial access devices perfectly suited to smartcard 
applications. Built around an 8 bit CPU core, each 
"family member" includes on chip memories: static 
RAM can range from 96 up to 1024 bytes, from 2K 
to 16K bytes of user ROM and 64 to 64K bytes of 
EEPROM are also user selectable. 


Table 1. ST16XYZ Family Members 
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A large choice of user defined options regarding the 
clock speed, security, the interrupts and the I/O 
buffer configurations provide the user with extra 
flexibility. 

The SGS-THOMSON Microelectronics ST16XYZ 
family has been especially designed for applica- 
tions requiring a very high level of security.The 
100% compatibility of the ST16XYZ products with 
the ISO standard (serial access, 5 contacts only, 
5V single power supply in all operating modes, 
answer to reset conforming to ISO 7816-3...) 
makes these devices particularly suitable for 
"Smartcard" type applications. 
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DESCRIPTION (Cont'd) 


The design of the "on-chip" EEPROM along with a 
very high reliability CMOS process yields typical 
endurance of over 100k Erase/Write cycles and 
data retention greater than 10 years. 


In order to develop the software and determine the 
ROM code, the ST16XYZ-EMU development sys- 


Figure 2. Block Diagram 


tem is available. The customer can define its prod- 
uct configuration in term of memory sizes and 
options and validate its code. 


Then SGS THOMSON-Microelectronics will proc- 
ess this product according to customer require- 
ments. 


SELF TE Sk | 
Vpp GENERATION 
ee| Yee GeNerATION 


USER 
UP TO: 1K ROM 


Biles 


UPTO 1.6K 
BYTES 


EEPROM 
UP TO 64K BYTES 


ES =o 
ADDRESS AND CONTROL AND 
DATA LATCHES | | TEST REGISTER 


INTERNAL BUS 


SERIAL 1/0's 
INTERFACE 


1/02 1/01 


2/2 


SECURITY 
LOGIC 


Vee GND CLK RST 


VA00528B 


STi SGS-THOMSON 


MICROSLECTRONICS 


1106 


SGS-THOMSON 
MICROELECTROMIES ST16F48 


CMOS MCU BASED SAFEGUARDED SMARTCARD IC 
WITH 8K EEPROM 


ADVANCE DATA 


» 8 BIT ARCHITECTURE CPU 
» 16K BYTES of ROM 
# 288 BYTES of RAM 


a 8176 BYTES of EEPROM, SECTORS COMBI- 
NATIVE: 


Highly reliable CMOS EEPROM Technology 
10 Years Data Retention 
100k Erase/Write Cycles Endurance 


Protected one time programmable block 
(32 or 64 bytes) 


— Separate Write and Erase cycle for fast "1" 
programming 

— 1 to 32 bytes block Erase or Write single cy- 
cle programming 


& SERIAL ACCESS, ISO 7816-3 COMPATIBLE 
= SINGLE 5V + 10% SUPPLY VOLTAGE 
= IDLE MODE for POWER SAVING 

3 5 MHz INTERNAL OPERATING FREQUENCY 
VERY HIGH SECURITY FEATURES 


® 6 PINS CONTACT ASSIGNMENT as for 
ISO 7816-2 


E.S.D. PROTECTION GREATER than 4000V 


Figure 1. Logic Diagram 


DESCRIPTION 


The ST16F48, a member of the standard ST16XYZ 
family devices, is a serial access microcontroller 
especially designed for very large volume and cost 
competitive smartcards applications, where firm- 
ware security algorythm must be implemented, and STI6F 48 
a large EEPROM memory capacity is required. 


|/O2 
(OPTION) 
Table 1. Signal Names 


VA01042 


/O2 Data Input / Output (Option) 


April 1993 1/2 


This is advance information on a new product now in development or undergoing evaluation Details are subjets to change without notice 


1107 


ST16F48 


DESCRIPTION (cont'd) 


The ST16F48 is based on an SGS-THOMSON 
8 bit CPU core and includes on-chip memories: 
288 bytes of RAM, 16K bytes of ROM and 8176 
bytes of EEPROM structured in two main sectors 
to be used in different conbinations, as here follow 
described: 


Sector A Sector B 
0 8176 
1024 7152 
2048 6128 
4096 4080 


Figure 2. Block Diagram 


RAM ROM 
288 16K 
BYTES BYTES 


It is manufactured using the high reliable 1um 
CMOS EEPROM technology. 


As all the other ST16XYZ family members, it is fully 
compatible with the ISO standards for smartcards 
applications. 


Software development and firmware (ROM 
code/options) generation can be done with the 
ST16XYZ-EMU development system. 


The ST16F48 can be delivered in 5 or 6 inches 
sawn or unsawn, 280um thickness wafers. 


Vpp GENERATION 
ial 


EEPROM 8176 BYTES 
SECTORS COMBINATIVE 


MEMORY ACCESS CONTROL MATRIX 


INTERNAL BUS 


SERIAL 1/0’s SECURITY 
INTERFACE LOGIC 


2/2 


Bee 


Veg GND CLK RST 
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CMOS MCU BASED SAFEGUARDED SMARTCARD IC 
WITH 1K EEPROM 


ADVANCE DATA 


#» 8 BIT ARCHITECTURE CPU 
a 6K BYTES of ROM, SECTORS COMBINATIVE 
=» 128 BYTES of RAM 


=» 1088 BYTES of EEPROM, SECTORS COMBI- 
NATIVE: 


— Highly reliable CMOS EEPROM Technology 
— 10 Years Data Retention 
— 100k Erase/Write Cycles Endurance NEHER + FY 


— Protected one time programmable block 
(32 or 64 bytes) 


— Separate Write and Erase cycle for fast "1" 
programming 
— 1 to 16 bytes block Erase or Write single cy- 
cle programming 
=» SERIAL ACCESS, ISO 7816-3 COMPATIBLE 
» LOW VOLTAGE OPERATION 
— Voc Range: 2.7V to 5.5V 
=» POWER SAVING IDLE MODE 
» 5MHz INTERNAL OPERATING FREQUENCY 
# VERY HIGH SECURITY FEATURES 


=» 6 PINS CONTACT ASSIGNMENT as for 
ISO 7816-2 


# E.S.D. PROTECTION GREATER than 5000V 


Figure 1. Logic Diagram 


DESCRIPTION 


The ST16601, a member of the standard ST16XYZ 
family devices, is a serial access microcontroller 
especially designed for very large volume and cost 
competitive smartcards applications, where firm- 
ware security algorythm must be implemented. 


ST16601 


1/02 
(OPTION) 


Table 1. Signal Names 


VA01046B 


Data Input / Output (Option) 
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DESCRIPTION (cont'd) 


The ST166071 is based on an SGS-THOMSON 8 bit 
CPU core and includes on-chip memories: 128 
bytes of RAM, 6K bytes of ROM and 1088 bytes of 
EEPROM. Both ROM and EEPROM memories can 
be configured into two sectors. Access rules from 
any memory section (sector) to any other are setup 
by User’s defined Memory Access Control Matrix. 


Figure 2. Block Diagram 


6K BYTES 
SECTORS 
COMBIN. 


SECT: -SECL 
A B 


It is manufactured using the high reliable SGS- 
THOMSON 1um CMOS EEPROM technology. 


As all the other ST16XYZ family members, it is fully 
compatible with the ISO standards for smartcards 
applications. Software development and firmware 
(ROM code/options) generation can be done with 
the ST16XYZ-EMU development system. 


The ST16601 can be delivered in 5 inches sawn or 
unsawn,180um or 280um thickness wafers. 


Vpp GENERATION 
ae 


EEPROM 1088 BYTES 
SECTORS COMBINATIVE 


SECTOR 
A 


SECTOR 
B 


MEMORY ACCESS CONTROL MATRIX 


INTERNAL BUS 


SERIAL |/0's SECURITY 
INTERFACE LOGIC 


if | 


1/02 1/01 


ee ee oe 


Voc GND CLK RST 
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Jf PitroeLecrnomics STI6SF48 


CMOS MCU BASED SAFEGUARDED SMARTCARD IC 
WITH 8K EEPROM 


ADVANCE DATA 


8 BIT ARCHITECTURE CPU 
16K BYTES of ROM, SECTORS COMBINATIVE 
288 BYTES of RAM 


8176 BYTES of EEPROM, SECTORS COMBI- 
NATIVE 


— Highly reliable CMOS EEPROM Technology 
— 10 Years Data Retention 
100k Erase/Write Cycles Endurance 


Protected one time programmable block 
(32 or 64 bytes) 


— Separate Write and Erase cycle for fast "1" 
programming 

— 1 to 32 bytes block Erase or Write single cy- 
cle programming 

SERIAL ACCESS, ISO 7816-3 COMPATIBLE 

LOW VOLTAGE OPERATION 

— Vcc Range: 2.7V to 5.5V 

IDLE MODE for POWER SAVING 

5 MHz INTERNAL OPERATING FREQUENCY 

VERY HIGH SECURITY FEATURES 


6 PINS CONTACT ASSIGNMENT as for 
ISO 7816-2 


# E.S.D. PROTECTION GREATER than 5000V 


ae nae 
SESE 


Figure 1. Logic Diagram 


DESCRIPTION 


The ST16SF48, a member of the standard 
ST16XYZ family devices, is a serial access micro- 
controller especially designed for very large volume 
and cost competitive smartcards applications, 
where firmware security algorythm must be imple- 


STI6SF 48 


|/02 
(OPTION) 


Table 1. Signal Names 
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DESCRIPTION (cont'd) 


mented, and a large EEPROM memory capacity is 
required. 


The ST16SF48 is based on an SGS-THOMSON 
8 bit CPU core and includes on-chip memories: 
288 bytes of RAM, 16K bytes of ROM and 8176 
bytes of EEPROM. 


Both ROM and EEPROM memories can be config- 
ured into two sectors. Access rules from any mem- 
ory section (sector) to any other are setup by User’s 
defined Memory Access Control Matrix. 


Figure 2. Block Diagram 


ROM 
16K BYTES 
288 SECTORS 
BYTES COMBIN. 
SECH:. SECH. 
A B 


It is manufactured using the high reiiable SGS- 
THOMSON tum CMOS EEPROM technology. 


As all the other ST16XYZ family members, it is fully 
compatible with the ISO standards for smartcards 
applications. 


Software development and firmware (ROM 
code/options) generation can be done with the 
ST16XYZ-EMU development system. 


The ST16SF48 can be delivered in 5 or 6 inches 
sawn or unsawn, 180um or 280um thickness wa- 
fers. 


Vpp GENERATION 


EEPROM 8176 BYTES 
SECTORS COMBINATIVE 


SECTOR SECTOR 
A B 


MEMORY ACCESS CONTROL MATRIX 


nS Scovel 


SERIAL |/0's 
INTERFACE 


| 
| 
H ¥ 
1/02 1/01 


ew ae oe 


SECURITY 
LOGIC 


in 


Voc GND CLK RST 
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STI6CF54 


CMOS MCU BASED SAFEGUARDED SMARTCARD IC 
WITH MODULAR ARITHMETIC PROCESSOR 


a 8 BIT ARCHITECTURE CPU 
# 16K BYTES of ROM, SECTORS COMBINATIVE 
a 352 BYTES of RAM 


e 4K BYTES of EEPROM, SECTORS COMBINA- 
TIVE: 


— Highly reliable CMOS EEPROM Technology 
— 10 Years Data Retention 
— 100k Erase/Write Cycles Endurance 


— Protected one time programmable block 
(32 or 64 bytes) 


— Separate Write and Erase cycle for fast "1" 
programming 

— 1 to 32 bytes block Erase or Write single cy- 
cle programming 


#& MODULAR ARITHMETIC PROCESSOR 


— Fast modulo N multiplication, squaring and 
calculation of MONTGOMERY constants. 


— Software selectable operand lengtn 
(256/512 bit) 


— Double operand operation (1024 bit) 
® SERIAL ACCESS, ISO 7816-3 COMPATIBLE 
ew SINGLE 5V + 10% SUPPLY VOLTAGE 
# POWER SAVING IDLE MODE 
= 5 MHz INTERNAL OPERATING FREQUENCY 
= VERY HIGH SECURITY FEATURES 


#6 PINS CONTACT ASSIGNMENT as for 
ISO 7816-2 


e E.S.D. PROTECTION GREATER than 5000V 


Table 1. Signal Names 


ee 
few [ewe 


October 1993 


ADVANCE DATA 


mB FAST CRYPTATION PROCESSING 
— 66ms RSA Signature 
— 100ms DSS Signature 
— 200ms DSS Authentification 


Figure 1. Logic Diagram 


ST16CF54 
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ST16CF54 


DESCRIPTION 


The ST16CF54, a member of the ST16XYZ family 
devices, is a serial access microcontroller espe- 
cially designed for very large volume and cost 
competitive smartcards applications, where high 
performance Public Key Algorithms will be imple- 
mented, to cut down initiallization and communica- 
tion costs and to increase security. 


Its internal Modular Arithmetic Processor is de- 
signed to speed up cryptographic calculations us- 
ing Public Key Algorithms. It processes modular 
multiplications and squaring on 256/512 bit oper- 
ands or a double operand of 1024 bits. The 
ST16CF54 is based on an SGS-THOMSON 8 bit 
CPU core including on-chip memories: 352 bytes 
of RAM, 16K bytes of ROM and 4K of EEPROM. 


Figure 2. Block Diagram 


ROM 


16K BYTES 
SECTORS 
COMBIN 


SECT. “SECT; 


A 


Both ROM and EEPROM memories can be config- 
ured into two sectors. Access rules from any mem- 
ory section (sector) to any other are setup by User’s 
defined Memory Access Control Matrix. 

It is manufactured using the high reliable SGS- 
THOMSON 14m CMOS EEPROM technology. 

As all the other ST16XYZ family members, it is fully 
compatible with the ISO standards for smartcards 
applications. 

Software development and firmware (ROM 
code/options) generation can be done with the 
ST16XYZ-EMU development system. 

The ST16CF54 can be delivered in 5 inches sawn 
or unsawn, 180um or 280um thickness wafers. 


Vpp GENERATION 


EEPROM 4K BYTES 
SECTORS COMBINATIVE 


SECTOR SECTOR 


MEMORY ACCESS CONTROL MATRIX 


INTERNAL BUS 


SERIAL 1/0's 
INTERFACE 


DATA CONTROL 
REGISTER REGISTER 


~ 
256/512 BIT MAP 
I 


| 
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SECURITY 
LOGIC 
WITH 
RANDOM 
NUMBER 
GENERATOR 


Vee GND CLK RST 
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ST16xF74 


CMOS CRYPTO-COMPUTER FAMILY 


» 8 BIT ARCHITECTURE CPU 
a 20K BYTES of ROM 
me 608 BYTES oF RAM 


» 4K BYTES of EEPROM SECTORS COMBINA- 
TIVE: 


— Highly reliable CMOS EEPROM Technology 
— 10 Years Data Retention 
— 100K Erase/Write Cycles Endurance 


— Protected one time programmable block 
(32 or 64 bytes) 
— Separate Write and Erase cycle for fast "1" 
programming 
— 1 to 32 bytes block Erase or Write single cy- 
cle programming 
= SINGLE 5V + 10% SUPPLY VOLTAGE 


= SOPHISTICATED HIGH SECURITY FEA- 
TURES 


=» PROGRAMMABLE 8 BIT PARALLEL HOST 
BUS INTERFACE 


FIVE 1/0 PORTS 
— Two 8 bit ports 
— One 4 bit port 
— Two serial ports 
= MODULAR ARITHMETIC PROCESSOR 


~— Fast modulo N addition, subtraction, multipli- 
cation, exponentiation and calculation of 
MONTGOMERY constants 


~ Software selectable operand length 
(256/512 bit) 


— Double operand operation (1024 bit) 


# REAL RANDOM NUMBER GENERATOR 
(can generate secret keys on board) 


® OPTIONAL DES ACCELERATOR 


Product Variance 
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ADVANCE DATA 


PQFP64 


= 64 PIN PQFP PACKAGE 


= 512 BIT RSA SIGNATURES with 5MHz EXTER- 
NAL CLOCK in 17ms 


DESCRIPTION 


The ST16xF74 is a family of safeguarded 8 bit 
MCU, especially designed for large volume and 
cost competitive smartcard terminals applications 
where high performance Public Key Algorithm are 
implemented, and Secret Keys are generated on 
board. 


Its internal Modular Arithmetic Processor is de- 
signed to speed up cryptographic calculation using 
Public Key Algorithms. It can process modular ad- 
dition, subtraction and exponentiation on 256/512 
bit operands or 1024 bit double operand. 

The optional DES Accelerator speeds up the nec- 
essary permutation specified by the NIST DEA 
standards. 


The ST16xF74 is based on the SGS-THOMSON 
ST16XYZ family of 8 bit MCU. 
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DESCRIPTION (cont’d) 


On-chip memories include: 608 bytes of RAM, 16K 
bytes of ROM and 4K bytes of EEPROM. The 
EEPROM can be configured into any of the follow- 
ing sector conbinations: 


SectorA Sector B 
0 4096 
512 3584 
1024 3072 
2048 2048 


Figure 1. Block Diagram 
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It is manufactured using the high reliable SGS- 
THOMSON ipm CMOS EEPROM technology. 


Software development and firmware (ROM 
code/options) generation can be done with the 
SGS-THOMSON ST16XYZ-EMU development 
system. 


The ST16xF74 can be delivered in 64 pin PQFP. 


F [osc] 


: —= as i 
MAP CONTROL MAP DATA 
REGISTERS REGISTERS 
| he ea 


MODULAR 
ARITHMETIC 
PROCESSOR 


ez Se rn - 


nme 


COMMAND 
BUFFER 1 


GND 


HIGH VOLTAGE GENERATION 


EEPROM 4K BYTES 


! 
DATA & ADD. CONTROL 
REGISTER REGISTER 


Se ee et es © 
a 4 


BONDING OPTION 


VA01050C 


2 nS ad ee See kyF SGS-THOMSON 


MICROELECTRONICS 


1116 


ky 36S, THOMSON 


ST16XYZ-EMU 
DEVELOPMENT SYSTEM 


FOR ST16XYZ, MCU BASED SMARTCARD IC FAMILY 


HARDWARE 


®# Supports the whole ST16XYZ Smartcard IC fam- 
ily including low voltage range products 


Support of all ST16XYZ mask options and mem- 
ory sizes 

Real time emulation 

64K bytes of emulation memory 

Up to 16 breakpoints 

Tracing of 32 bits including 4 external lines 
Trace triggering events defined with up to 32 bits 
3 triggering events with associated counters 

2 synchronization outputs 

Emulation with external or internal clock 


SOFTWARE 

Window based interfaces and menus 
Assembler-linker 

Macro call and conditional assembly 
Relocatable or absolute output files 


July 1993 


GENERAL DESCRIPTION 


The ST16XYZ-EMU is an advanced real time de- 
velopment system designed and configured to pro- 
vide comprehensive support for the ST16XYZ 
products, a family of MCU based Smartcard IC 
products. This one box system contains the CPU 
part emulating the ST16XYZ CPU core, and the 
Memory part emulating all security logic and se- 
cure memory, which may be implemented inside 
any ST16XYZ device. 


The software provided enables the hardware to be 
driven by any PC compatible host computer 
through 2 serial ports. 


CPU EMULATION 


The source software can be prepared in a modular 
fashion to enable good testability and fast debug- 
ging. It can be written using any word processing 
package and then assembled and linked by tne 
assembler-linker. Assembly directives and macro 
functions are available. 
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Figure 1. ST16XYZ-EMU System Configuration 
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CPU EMULATION (conit’d) 


Hardware and software breakpoints allow the user 
to stop the MCU whenever the application ROM 
code execution reaches selected addresses, ad- 
dresses within a selected range, or on data fetch 
cycles. The user is then able to read and modify 
any register or memory location within the simu- 
lated memory, inspect trace or place other break- 
points or triggers. 


The logic analyser can be used when real time 
emulation is needed. It allows the recording of 32 
bits words, including address bus, data bus, control 
bits and 4 external signals. Up to 1024 states per 
bit can be stored into the 32 Kbyte emulation 
memory. 


Using the powerful triggering conditions of the logic 
analyser, it is possible to only record cycles which 
are of interest to the user. Events are defined as a 
pattern of up to 32 bits occurring up to 64,000 times. 
The acquisition mode can be defined by up to 3 
events. The following examples show the powerful 
capabilities of this logic analyser: 


CARD 
READER 


CARD 


VA00542B 


— Records status of all specified bits until ’N’ oc- 
currences of event 1. 


— Records ’N’ cycles within a specified address 
range. 


— Records status of all specified bits until ’N’ oc- 
currences of event 1, then records ’M’ cycles 
within a range and finally, records everything 
until ’P’ cycles after event 3. 


Such a powerful too! enables the user to detect and 
trap any pattern and thus quickly debug the appli- 
cation. The trapping of random patterns is greatly 
improved by the capability to temporarily quit the 
emulation session while the emulator continues to 
run the application software. The whole memory of 
the PC is then available for any use, while the trace 
function continues to track defined events. 


MEMORY EMULATION 


The Memory part of the ST16XYZ-EMU emulates 
the ROM, RAM and EEPROM memories, the se- 
curity logic of the family of devices, and support the 
mask options simulation for the ST16XYZ family. 


2/3 . 
<_________________ kyy 3S OSes 


1118 


Memories 


ST16XYZ-EMU is configured with the help of a 
window menu allowing the user to define the size 
of each block of the emulated memory: ROM, RAM 
and EEPROM. A control of each memory block 
accesses is automatically performed by the Mem- 
ory part when running the ROM code (real time 
emulation), any access out of a defined memory 
block is signalled on the screen of the host com- 
puter. 


The EEPROM programming time is monitored by 
an internal time base and a warning is given to the 
user if a programming delay is shorter than the 
specified value. This value is set by default to 
nominal 3ms, and can be adjusted by the user to 
any value up to 100ms. 


ORDERING INFORMATION 


ST16XYZ-EMU Development system for ST16XYZ, MCU based Smartcard IC’s family 


ST16XYZ-EMU 


Security 


The ST16XYZ-EMU front panel displays the status 
of the security detectors as well as the status of the 
chip external ISO 7816-3 compatible signals (Vcc, 
RST, CLK, I/O). 


CARD READER 


A card reader can be connected to the host com- 
puter through either serial or parallel link. The 
ST16XYZ-EMU command interpreter directs each 
command either towards the CPU or Memory part 
of the ST16XYZ-EMU, or the card reader. This 
enables the development loop to be closed, and 
complete applications to be emulated on one single 
host computer. 


Note: The ST16XYZ-EMU is delivered with all necessary software for use on a PC or compatible host computer. Software is delivered on 


1 2M density, 51/4 inch floppy disks. 
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APPLICATION NOTE 


REPLACING EEPROM WITH ZEROPOWER 


Currently there are two approaches for implement- 
ing non-volatile memory that can be electrically 
altered within the system. The first is EEPROM 
(electrically erasable programmable read only 
memory). The second is battery backed-up RAM. 
Many misconceptions about battery backed-up 
RAMs have swayed system designers away from 
this technology into using EEPROMs with lower 
performance specifications. All is not lost however, 
the ZEROPOWER™ technology developed by 
SGS THOMSON Microelectronics provides a to- 
tally integrated approach to battery backed-up 
RAMs, which in most cases can provide direct 
replacement of EEPROMs with an added advant- 
age of upgrading system performance. 


First let’s clear the air about the misconceptions 
concerning battery backed-up RAM. The integra- 
tion of a long life lithium cell and the low standby 
current of CMOS RAMs have made possible data 
retention times that typically extend beyond ten 
years. Periodic replacement of batteries or battery 


Figure 1. Z80 Timing 


MEMORY READ CYCLE 
14 T2 T3 14 T2 


MEMORY WRITE CYCLE 
T 


charging circuits are no longer necessary. Power 
fail detection and switching circuitry can be inte- 
grated into the same package along with RAM and 
a small button lithium cell making a complete bat- 
tery backed-up system that fits into the same 
socket as conventional RAM. This system in a DIP 
(dual in-line package) has been invented and 
trademarked as ZEROPOWER technology by 
SGS-THOMSON. Extensive reliability studies of 
the ZEROPOWER technology have been under- 
taken at SGS-THOMSON which demonstrate a 
highly reliable approach to non-volatile memory. 


Because microprocessors are designed to inter- 
face to RAMs, a ZEROPOWER RAM provides the 
ideal replacement for conventional RAM. Figure 1 
shows a typical output timing and interface of an 8 
bit microprocessor (Z80). RAM interface can be 
made by decoding MREQ and address information 
for E, connecting RD to G, and connecting WR to 
R. 


MEMORY ADDR MEMORY ADDR 
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EEPROMSs, on the other hand, require some mod- 
ification to the write cycle. This modification can be 
as simple as adding wait cycles until a write to the 
EEPROM is completed. In this case direct replace- 
ment with a ZEROPOWER RAM is possible. The 
wait cycles can be left in or eliminated to improve 
performance. 


Some early versions of EEPROMs (2816 without 
any suffix), however, require a 21 volt VPP signal. 
This type of EEPROM is programmed the same 
way conventional EPROMS are programmed. The 
only difference being that both "ones" and "zeros" 
can be programmed not just "zeros". Figure 2 
shows how complicated interface to this type of 
EEPROM can be. Replacement with a 
ZEROPOWER RAM can be accomplished by elimi- 
nating almost all of the external circuitry. In the 
example shown in Figure 2 only the inverter E is 


Figure 2. 2816 Interface 


CRT/FM 
RDY 
RD 


required for interface toa ZEROPOWER RAM. For 
interface to a ZEROPOWER RAM the output of 
inverter E should be connected to G, and WR 
should be connected directly to W on the 
ZEROPOWER RAM. 


In contrast, current technology EEPROMS are 5 volts 
only. There are two popular types of EEPROMs 
in production today. The are referred to as latched 
and timer EEPROMs. Latched EEPROMs latch 
both data and address on the falling (beginning) 
edge of the write pulse. Although addresses and data 
are allowed to change before the completion 
of a write cycle, write enable must be held active 
for the complete write cycle. Figure 3 shows 
latched EEPROM write timing. Timer EEPROMs, 
however, latch addresses on the falling edge of the 
write pulse and data on the rising edge. Figure 4 
shows timer EEPROM write cycle timing. 


VR001313 
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Figure 3. Latched EEPROM Write Cycle 
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Figure 4. Timer EEPROM Write Cycle 
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Latched EEPROMs are interfaced _in the system 
two ways. One, by latching the WE pulse until 
completion of the write cycle. Two by implementing 
multiple wait states to complete the write. Repla- 
cing latched EEPROM can be done by eliminating 
the WE latch, allowing the write cycle to follow the 
microprocessor. Multiple wait states will have no 
effect on the ZEROPOWER RAM, however for 
system efficiency they should be eliminated. 


Timer EEPROMs are the most popular EEPROMs 
in use today because their write cycle timing is 
compatible with microprocessors that have cycle 
times in the 200 to 500 nanosecond range. The 
initialization of a timer EEPROM write cycle can be 
completed in the normal cycle time of the micropro- 
cessor and the EEPROM completes the write cycle 
independent of the system. Some timer EEPROMs 
will even allow multiple successsive writes (in page 
mode) before completion of the first write. 
ZEROPOWER RAMs are directly replaceable for 
timer EEPROMs in this application and have the 


advantage of even faster cycle times with no page 
mode restrictions. Timer EEPROMs, however, can 
also allow data and address changes during the 
write cycle. These data and address changes are 
not permited on conventional RAM and therefore 
in this application, data and address must be exter- 
nally latched before replacement with ZERO- 
POWER RAM can be done. The later case is not 
industry standard for memories, and many 
systems with multiplexed address/data already 
have address and data latches for this reason. 


Note: 


Many EEPROMs require output enable to be high 
during the write cycle. With RAMs output enable is 
a "don’t case" during write. In the very unlikely 
event that output enable should be used to gate the 
write cycle, a change in the circuit needs to be 
implemented before ZEROPOWER RAM can be 
used as a replacement. 
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The MK48Z02 serves many varied applications. It 
provides the ease of access for both reads and 
writes that conventional RAMs offer, as well as 
nonvolatile memory that is associated with read 
only memories. Because of this nonvolatile charac- 
teristic, the MK48Z02 is often utilized as a medium 
for storage of alterable program code (firmware) as 
well as parametric data. 


This type of data is usually generated on a software 
development system and then loaded into memory 
prior to installation of the device into the final prod- 
uct. Most software development systems provide 
the means of downloading code either directly into 
an EPROM device or provide a port for transferring 
this code to an external PROM programmer. The 
MK48Z02 will of course not work in an EPROM 
programming circuit because of the high voltages 
requires for EPROM write cycles. 


Figure 1 shows an inexpensive circuit, however, 
that can be used for transferring code from an 
EPROM (master) to an MK48Z02 (copy). (If data 
already exists in an MK48Z02 it also can be used 
as the master, because read cycles of the 
MK48Z02 and EPROM devices are similar). This 
circuit uses an oscillator and counter to step 
through all address locations in a binary sequence. 
The first phase of the clock (positive cycle) gener- 
ates the write pulse. The second phase of the clock 
(negative edge) is used to clock the counter circuit 
to the next address. Once all addresses have been 
accessed, the next cycle will set a latch that resets 
the circuit and lights a finished light. Pushing the 
start button resets the latch and starts the se- 
quence from the beginning. A switch going to Vcc 
on the master and copy sockets is provided so that 
Vcc can be removed when inserting or removing 
devices to insure maximum data security. Remov- 
ing Vcc from the MK48Z02 will deselect the device 
making all other inputs don’t care, therefore inter- 
mittent contact to the socket when inserting or 
removing devices will not generate spurious write 
cycles. 


Verification of data should not be a significant issue 
because the MK48Z02 does not suffer from pro- 
gramming yield problems like EPROM devices do. 
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PROGRAMMING THE MK48202 


However, if a device is suspected of having faulty 
code, verification can be accomplished on the 
EPROM programmer IN THE VERIFICATION 
MODE ONLY (caution : check with the manufac- 
turer of the programmer to make sure no high 
voltages are applied to the device in the verify only 
mode). 

There is no limit to the number of times the 
MK48Z02 can be programmed, and the MK48Z02 
does not need to be erased before it can be pro- 
grammed. 


MK48Z02 Inexpensive Programmer 


= Power Supply 
- 12V, 500mA 
- sleeve negative, tip positive input. 


= Fuse : 1A, 250V. 

= LED Busy indicator. 

= Copy time under 5 seconds. 

= Test sockets for easy insertion and extraction. 


Operation 


1. Plug the AC or DC adapter into the coaxial power 
input, making sure that the polarity is correct, 
and plug in the power supply. 


2. Make sure that the power switch is in the OFF 
position before inserting the chips. 

3. Raise the levers on the test sockets, and insert 
both chips with the indicator dots on the same 
side as the levers. 

Securely clamp the levers down all the way. 


4. Switch the power ON. 


5. Depress and release the start button. The busy 
light will stay lit for about 4 seconds as the chip 
is being copied. 


6. When the light has turned off, switch the power 
off before releasing the levers on the test sock- 
ets and removing the chips. 


7. Store the chips in anti-static foam. 
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Troubleshooting 


If the MK48Z02 Programmer is not functioning 
properly, take the following steps : 


Check the fuse and replace if blown. 
Make sure the polarity on the power supply is 


Figure 1. Inexpensive MK48Z02 Programmer 


correct. (sleeve negative, tip positive). 


Follow the operating instructions through step by 
step. 


Remove the bottom of device and make sure all 
chips are securely in their sockets. 


(MK48Z02) 
PWN MI kd 
MASTER (2716 or MK48Z02) 
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APPLICATION NOTE 


POWER FAIL INTERRUPT OF THE MK48Z09/19 


A frequent dilemma faced by system designers is 
how to handle a power failure. Because power fail 
sensing components add real estate and cost to 
the system, some designers choose not to imple- 
ment a power fail routine, allowing "the chips to fall 
where they may". This approach is frequently ra- 
tionalized given the in-frequency of power failures 
and the industry drive to minimize circuit board 
space. It does not however represent an ideal 
solution. Other designers have gone to great ex- 
pense to design a power fail sensing circuit only to 
find it difficult to control voltage trip points and 
experience timing requirements that are hard to 
predict. 


The MK48Z09/19 provides a solution to the power 
fail dilemma. While occupying no more board area 
than conventional memories of the same density, 
the MK48Z09/19 also offers a power fail interrupt 
output pin along with nonvolatile memory. Because 
the voltage trip point of the interrupt signal on the 
MK48Z09/19 is temperature compensated, the 
user can be assured that its operation remains 


Figure 1. Suggested MK48Z09/19 Hook Up 
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within specifications over the entire temperature 
range. The MK48Z09/19 also provides predictable 
timing. The amount of time between an interrupt 
low and a power fail write protect condition is a 
function of an internal oscillator within the 
MK48Z09/19 and therefore is independent of what 
may be happening at the system level. The only 
restriction imposed on the user is that a minimum 
Vcc fall time not be exceeded. The minimum Vcc 
fall time is, however, easily within the normal Vcc 
fall time characteristics of most applications. 


The power fail interrupt pin of the MK48Z09/19 is 
open drain and can be easily implemented by 
connecting the interrupt signal to a non maskable 
interrupt input on the microprocessor used, thus 
initializing a short power fail routine. Because the 
MK48Z09/19 is battery backed up, the power fail 
routine can store important data and parameters. 
Sign off to data communication links and notifica- 
tion of a local power failure to Supervisory systems 
are also applications made possible to the local 
controller through the use of the power fail interrupt. 


MK48Z09/19 
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POWER FAIL CONDITIONS 


The MK48Z09/19 continuously monitors Vcc. 
When Vcc falls to the power fail detect trip point of 
the MK48Z09/19 an interrupt is immediately gen- 
erated. An internal clock provides a delay no less 
than 10us but no greater than 40us before auto- 
matically deselecting the MK48Z09/19. 


With Vcc allowed to fall at its maximum rate from 
4.75V to 4.5V in 300us (833V/sec), a delta voltage 
between when a power fail is detected and the 
device is deselected will be established. Because 
the maximum Vcc fall rate and maximum delay 
between power fail detect and deselection are 
given values, this delta voltage can be easily cal- 
culated 40us * 833/V = 48mV). Therefore final 
testing of the MK48Z09/19 at SGS-THOMSON can 
assure the user that the device will be deselected 
no lower than the specified Power-Fail Deselect 
(VPFD min) level, provided that the maximum Vcc 
fall rate is not exceeded. 


With Vcc fall times that stretch over a long period 
of time, the voltage at which an interrupt is gener- 
ated and the voltage at which the MK48Z09/19 


Figure 2. Write Protect Application of E2 Input 


Notes : 


automatically deselects will approach the same 
value. Once again final testing at SGS-THOMSON 
can assure the user that a power fail detect or 
deselection will occur no higher than the specified 
Power-Fail Deselect (VPFD max) level. 


POWER UP CONDITIONS 


The MK48Z09/19, like most NVRAMs, provides 
automatic write protection under low voltage con- 
ditions. Unfortunately, many processors generate 
spurious cycles during power up, despite Vcc being 
within spec. Some processors even continue to 
behave erratically though their reset pin is being 
held low, until the system clock has had time to 
wake up and produce sufficient cycles to clear the 
processor. The MK48Z09/19 makes it easy to com- 
bat this problem by providing an active high E2 
input (chip select). This input when tied to the reset 
line will lock out the MK48Z09/19 during the power 
on reset time, protecting the data in memory from 
being inadvertently over written with erroneous 
data. Figure 2 illustrates a simple power up reset 
scheme. 
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1. 


Although trip points are tested by holding Vcc to given DC levels, the device is by no means in a static state. Address, data lines, and control 
lines are all toggling. A series of complex patterns are input to the device to ensure that worst case noise conditions generated within the 
MK48Z09/19 will not affect trip point performance. 


. With even the slowest MK48Z09/19, the 250ns device, and the minimum 10ps advanced waming of a deselect condition, there is enough 


time for 40 memory cycles to take place. The amount of MPU cycles that can take place will of course vary according to the processor used 
and programming techniques. 


. The MK48Z09/19 can po an inherent safe guard against a "Brown Out" condition i.e. Vcc that droops or slowly fades below spec. or 


operational limits and then comes back up. Applications requiring the interrupt pin to remain low until a completion of a sequence of events 
(within 10s), can relay on the MK48Z09/19 not to inleruet the sequence should power unexpectedly return. Once a power failure is 
detected and the interrupt pin goes low, the interrupt pin will remain low for the full 10j1s to 401s period and the device will be accessible 
during this time. Therefore the power fail interrupt application can not be aborted mid cycle. After the interrupt time period the interrupt pin 
will go high, should Vcc rise in the interim, allowing normal operation to resume. The MK48Z09/19, however, waits for a minimum of 30s 
to a maximum of 1201s from the time interrupt goes high until another power fail can be selected. (Should Vcc remain at a level very close 
to the trip point for an extended period of time, a number of power failures could be detected due to noise on the Vcc line. Interrupt will 
always follow the above timing however). : 
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APPLICATION NOTE 


TIMEKEEPER CALIBRATION OF THE MK48T02 


The term “quartz accurate" has become a familiar 
phrase used to describe the accuracy of many time 
keeping functions. Although quartz oscillators pro- 
vide an accuracy far superior to other conventional 
oscillator designs they are, however, not perfect. 
Quartz crystals are sensitive to temperature varia- 
tions. Figure 1 shows the relationship between 
temperature and accuracy of the 32.768khz crystal 
oscillator used on the MK48T02 TIMEKEEPER™. 
Variations in resonant frequency from one crystal 
to the next also exist, although these variations 
typically do not exceed 20ppm (approx. 1 min. per 
month). 


Clocks used in applications requiring a greater 
accuracy of 1 min. per month or have an ambient 
temperature that is not centered around room tem- 
perature (25°C) will need a means of calibration. 


Typically, most crystal oscillators are calibrated by 
adjusting the load capacitance of the oscillator. This 
method, while effective, has several disadvantages. 


1. It requires external components. 


2. It requires the use of test equipment (fre- qu- 
ency counter). 


3. It can increase oscillator current (an important 
factor in battery backed-up applications). 


At SGS-THOMSON Microelectronics, we believe 
these disadvantages are unacceptable. The 
MK48T02 calibrates its clock by adding or subtract- 
ing pulses from the clock chain in a predictable 
manner (periodic counter correction). This method 
can be employed under software control eliminat- 
ing the disadvantages of the previously stated 
method and making it end user friendly. 


Figure 1. Typical MK48T02 Oscillator Frequency vs. Temp. 
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TWO METHODS FOR CALCULATING CALI- 
BRATION 


There are two methods for establishing how much 
calibration will be required in a given application. 
The first method can be easily implemented in the 
user environment allowing the average ambient 
temperature be taken into consideration. The other 
method provides a fast means of calibration at the 
OEM site. 


Empirical In System Method 

This method involves setting the clock to a known 
standard and then comparing at a fixed time later. 
The longer the time period the greater the accu- 
racy. When setting the clock, all counters in the 
32.768khz to 1 second divider chain start from zero 
as soon as the write bit is released. Therefore, itis 
possible to set the clock to the standard within the 
response time of the system. 

How to calculate the amount of calibration 
necessary. 


N = number of seconds in the time period 

T = number of seconds elapsed on the MK48T02 
X = error in parts per million 

X = (T-N)/N” 1E6 


Notes : 


1. Setting the sign bit does not indicate a ones complement 
number. Setting the sign bit speeds up the clock. 


2. Each bit in the calibration bits represents a change of 2.034 parts 


per million. 


3. Depending upon when the MK48T02 is read with respect to an 
update a one second error can occur. Make sure the time 
period for calculations is long enough so that this error beco- 
mes negligible. 


Frequency Test Method 


This method is best suited for use at incoming 
inspection on a sophisticated tester or on a bench 
set up. It is not practical for in system use unless a 
means for latching address and control lines can 
be implemented because the device must be held 
in a read state for and indefinite period of time. 


Procedure for frequency test method. 
1. set write bit. 

2. set FT bit (DQ6 for day register). 

3. reset write bit. 
4 


. set address to seconds register and control lines 
for a device read. 


. measure 512hz frequency at DQO. 

. set write bit. 

. reset FT bit. 

. set correct time and calculated calibration. 
. reset write bit. 


OoOOoON OD O 


Notes: 


1. Instruments for measuring frequency should be accurate to 
1 ppm for reasonable results. 


2. Error in ppm = (frequency measured-512)/512 * 1E6. 
3. Failure to reset the FT bit will result in gross timekeeping errors. 


TIMEKEEPER CONTROL REGISTER 


The control register of the MK48T0O2 serves three 
separate functions, all within the same byte of data. 
It allows the user to write time (write bit), read time 
(read bit) and calibrate the clock. When writing or 
reading the clock care should be taken not to 
disturb the calibration data. 


When setting the write bit, data contained in the 
calibration bits will be entered into the calibration 
circuitry. Care should be taken to ensure this cali- 
bration data to be valid. 


When setting the read bit, data contained in the 
Calibration bits will be entered into memory only. 
This may seem harmless, however, it should be 
noted that the calibration data is not refreshed with 
a clock update. Therefore any record of valid cali- 
bration data will be lost if valid calibration data is 
not included with the read bit. This is important 
because valid calibration data is needed when 
setting the write bit. 
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Procedure For Setting And Resetting The Read And Write Bits 
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Set Write bit. 
1. Read contents of Control Register. OOXXXXXX 
2. Logical OR contents with the number 128. OR 10000000 
3. Load results into Control Register. 10XXXXXX 
Reset Write Bit. 
1. Read contents of Control Register. 10XXXXXX 
2. Logical AND contents with the number 127. AND 01111111 
3. Load results into Control Register. OOXXXXXX 
Set Read Bit. 
1. Read contents of Control Register. - QOXXXXXX 
2. Logical OR contents with the number 64. OR 01000000 
3. Load results into Control Register. 01XXXXXX 
Reset Read Bit. 
1. Read contents of Contro! Register. 01XXXXXX 
2. Logical AND contents with the number 191. AND 10111111 
3. Load results into Control Register. OOXXXXXX 
Example BASIC program. 
10 REM CONTROL REGISTER LOCATION 
20 A=2040 
30 REM SET WRITE BIT 
40 POKE A, PEEK (A) OR 128 
50 REM RESET WRITE BIT 
60 POKE A, PEEK (A) AND 127 
70 REM SET READ BIT 
80 POKE A, PEEK (A) OR 64 
90 REM RESET READ BIT 
100 POKE A, PEEK (A) AND 191 

Gy, See = 
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APPLICATION NOTE 
MEMORY MAPPED 


TIMEKEEPER REGISTERS OF THE MK48T02 


Although software is usually thought of as 
being flexible, there can be applications where 
the memory management of the system de- 
fines how the memory will be utilized. Because 
the TIMEKEEPER™ registers of the MK48T02 
reside within a predetermined position within 
the memory map, this may present a problem 
in these applications. Fortunately there are 
easy solutions to this problem. 


There are several options possible for moving the 
location of the TIMEKEEPER registers within mem- 
ory. The first option involves inverting one, all, or 
any combination of the eight most significant ad- 
dress lines of the MK48T0O2. Figure 1 shows an 
example of how inverting address Ai0 will move 
the apparent position of the TIMEKEEPER from the 
top of the device memory to the middle of device 
memory (from 7F8-7FF to 3F8-3FF). 


Another option is to use higher order address lines 
(above A10) to decode the chip enable input of the 
MK48T0O2, therefore moving the apparent location 
of the entire MK48T02 within memory. Figure 2. 


Figure 1. 
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shows an example of how this can be done. With 
this technique the TIMEKEEPER registers will re- 
main in consecutive locations. Combinting options 
can place the TIMEKEEPER registers in any block 
of eight bytes of memory. 


Finally, a third option would be to bank select the 
MK48T02. This method would allow the TIME- 
KEEPER to become transparent to memory di- 
rectly accessible from the processor. Implementing 
a bank select requires generating a pseudo ad- 
dress line or lines that can be decoded with other 
address information to select the appropriate mem- 
ory. The most convenient method for creating this 
pseudo address is to use an output port for this 
purpose. Microcontrollers have these ports on 
board while Microprocessors require a PIA chip to 
accomplish I/O functions. Figure 3 shows a typical 
Microprocessor to PIA combination that utilizes an 
I/O port to bank select memory. The I/O port can 
be programmed high or low by loading a register 
within the PIA. The PlAchip is selected by decoding 
lIOREQ (I/O request). IOREQ also disables main 
memory and the MK48T02. 
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Figure 2. 
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Figure 3. 
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APPLICATION NOTE 


THE MK45H03 BiIPORT FIFO 16-BIT TO 8-BIT CONVERSION 


INTRODUCTION 


When SGS-THOMSON Microelectronics intro- 
duced the MK4501 in 1983, it was the first high 
density FIFO with a BIPPORT™ memory cell archi- 
tecture. The MK4501 quickly became the industry 
standard with an organization of 512 x 9 bits, and 
included both an Empty and Full status flag. SGS- 
THOMSON has extended this technology to dev- 
elop a device with four times the density - the 
MK45H03. The MK45H03 has a 2K x 9-bit organi- 
zation, and includes the addition of a Half Full (HF) 
status flag, as well as the Empty and Full status 
flags. Its BIRORT™ RAM cell design allows simul- 
taneous and asynchronous Write/Reads, and 
avoids the added ripple-through delay times of 
conventional shift register based FIFOs. As with the 
MK4501, word with and depth expansion is easily 
achieved by using the Xl and XO pins. The 
MK45HO3 is pin-for-pin compatible with the 
MK4501 and MK45H01, and thus can be used as 
a density upgrade in many applications. 


Figure 1. Block Diagram 


DATA IN x 16 
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CIRCUIT DESCRIPTION 


As shown in Figure 1, the block diagram for this 
application concept shows an example of how to 
interface a 16-bit Microprocessor to an 8-bit periph- 
eral. Due to the MK45H03’s architecture, which 
provides easy width expansion, we can interface 
two MK45H03 FIFOs to a 16-bit Microprocessor for 
collecting and holding our data dumps. By using a 
small amount of additional logic, we can retrieve 
this data in consecutive 8-bit bytes. (The diagram 
in Figure 2 shows the basic idea in an equivalent 
circuit). Using the two MK45H03 FIFOs, we start 
with a 2K x 16 memory buffer as our input, and 
convert it to a 4K x 8 memory buffer output. The 
status flags will keep us updated to let_us know 
when we are Full (FF = low), or Empty (EF = low). 
The Half-Full status flag (HF = low) will help to avoid 
those sudden unpredicted halts, for example, 
should there not be adequate block memory space 
available. We will also take advantage of the asyn- 
chronous and simultaneous Write/Read capability 
of the MK45H03’s BiIPORT™ design. 


SELECT 


R 
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CIRCUIT OPERATION 


The schematic diagram in Figure 3, shows that we 
will be writing 16-bit words designated as UPPER 
and LOWER 8-bit bytes, and then reading first the 
UPPER 8-bit byte, and then the LOWER 8-bit byte. 
As with_all FIFO applications, we must start with 
Reset (RS) to initialize the circuit. Remembering 
that upon reset our EF output goes active low, all 
Read cycles are ignored until the first Write cycle 
has been completed. Once a succesful Write has 
been performed, the EF output will go inactive high. 
The ideal operation would allow the Write count to 
remain at least one cycle ahead of the Read, thus 
avoiding EF from being asserted active. Refer- 
ring again to Figure 3, the A/B select to the data 
multiplexers via Q of the D-type flip-flop, alternates 
at the end (rising edge) of each Read to get ready 
for the next Read cycle. This avoids additional gate 
delay time, as well as providing a READ strobe 
during the full R pulse width. Therefore, after Write, 
and upon the first Read, we access the UPPER 
byte (Qa 0-7), and alternate thereafter between the 
LOWER (Qs 0-7) and UPPER byte with each con- 
secutive Read. The flag status needs only to be 
taken from the LOWER byte FIFO since it will be 
Read last, and both are written simultaneously. Of 
course an (Empty - 1) function could be im- 
plemented on the 8-bit side by using the Empty 
Flag output from the UPPER FIFO. 


Figure 2. Equivalent Circuit 


In this application we have included data bus con- 
trol with a fast external Output Enable (G) on the 
multiplexer. The waveform timing diagram is refer- 
enced in Figure 4. Since there will be a specific 
Q-valid access time from the enabled FIFO to the 
data inputs of the multiplexer, the G input can be 
tied to the R system input without any penalty. The 
timing diagram in Figure 5 displays the typical 
access times to be considered. For example, tai is 
the combined access time of the OR gate plus 
Read access (ta) of the MK45HO3. Further defini- 
tions are : tag = MUX Q-Valid access time, ta3 = 
MUX Q-Valid access time from R asserted low, 
tetav is MUX G (Output Enable) access to Q- 
Valid, ton1 = Q-Hold time of the FIFO, toH2 = Q-Hold 
time of the MUX, and tgHazis output Enable to High 
Z. It should be noted that tas is equal to (tai + tae), 
where the limiting factor is tai not taLav, when G = 
R (see Figure 5). 


CONCLUSION 


This implementation presumes that Read strobes 
will be halted when the lower MK45HO03 indicates 
itself empty. In this example, should the lower FIFO 
become empty, additional Read strobes will con- 
tinue to toggle the select D-type flip-flop even 
though the FIFOs will not respond. Should Read- 
while-Empty compatibility be required, then addi- 
tional logic will be needed to disable the select 
flip-flop when the lower FIFO is empty. 


2K x 16 TO 
4K x 8 FIFO 
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Figure 3. Asynchronous 16-Bit to Asynchronous 8-Bit Schematic 
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Figure 4. Timing Diagram 
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Figure 5. Access Times 
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APPLICATION NOTE 


MICROWIRE EEPROM COMMON I/O OPERATION 


SGS-THOMSON Microelectronics provides a wide 
range of serial access EEPROMs. The MI- 
CROWIRE™ product line is designed for a 4-wire 
interface: SK the Clock input, CS the Chip Select 
Input, DI the Serial Data Input, and DO the Serial 
Data Output. Some MCUs such as the SGS- 
THOMSON ST9 or ST7 series include a Serial 
Peripheral Interface (SPI ) "on-chip", that can fit this 
MICROWIRE interface, but those EEPROMs can 
be used with any general purpose microcontroller 
where the interface wires are hooked to I/O ports 
or some equivalent circuitry. 


Since DO output is in high impedance while instruc- 
tions, addresses and data are shifted into the DI 
serial input, it seems attractive to tie DI and DO pins 
together to provide a common DI/DO bus. The 
chips can operate correctly in this configuration, 
provided that appropriate design rules are carefully 
followed. The possible troublesome situations are 
limited to the instructions where DO output is acti- 
vated. 

Such instructions include: READ,WRITE, ERASE, 
WRAL and ERAL. 


Figure 1. Typical Common DI/DO Application 
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This note reviews and details the specific points 
where precautions must be taken in common 
DI/DO applications. In order to provide the designer 
with a safe-design guide, all calculations are car- 
ried out upon the worst case values as specified in 
the data sheet of these EEPROM devices. 


READ INSTRUCTION 


Let’s consider a typical common DI/DO application 
(as in Figure1). The DI driver and the DO receiver 
can be discrete logic or part of a microcontroller 1/O 
port or any equivalent circuitry. 

DO pin is in high impedance while the READ 
opcode and the address bits are clocked into the 
chip upon the rising edge of SK clock. These bits 
must be kept valid for a minimum hold time of ton: 
see data sheet. However, upon the rising edge of 
SK where the last address bit (AO) is clocked into 
DI, the DO pin comes out of high impedance and 
outputs the leading bit (logical 0) which precedes 
the 16 bit data string (see example in Figure 2). 


EEPROM DEVICE 


COMMON DI/DO BUS 


DI 


SK. CS 
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The maximum delay between the rising edge of SK 
and the leading "0" bit is specified for a maximum 
of tpepo (between 500 ns and tus, depending on the 
product); nevertheless, typical values of less than 
100 ns can be found. 

Since the DI driver must remain enabled with the 


Figure 2. Read Instruction Example 


AO bit for a minimum of ton (hold time) before being 
disabled, a bus conflict will occur if the AO bit is a 
"{" (odd address registers). The consequences 
are: 


- alow impedance path is created between Vcc and 
ground through DI driver and the on-chip DO out- 
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Figure 3. Short-Circuit between Vcc and Ground 
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put buffer (see Figure 3); this short-circuit may 
produce glitches on the power supply which can 
disturb all the circuits on the board; 

- the logical level on the DI/DO bus is not well-de- 
fined as it is the result of the relative driving 
capability of the DI driver and the DO output buf- 
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fer; the DI pin can even see a logical "0" preventing 
the access of the odd address registers. 


This trouble can be solved by inserting a current 
limiting resistor in the sinking current path. Figure 4 
shows some possible locations for this resistor; 
however, the best location is between the DO out- 


Figure 4. Possible Locations for the Current Limiting Resistor 
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Figure 5. Exponential Charge and Discharge of the Bus Capacitance 
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put and the DI/DO bus for the following reasons: 


- during the overlap time, the logical level on the 
DI/DO bus will be defined by the DI driver only, 
allowing the respect of the tpin hold time specifi- 
cation. 


- aS we discuss later, the R resistor slows down the 
propagation time of the DO output signals on the 
DI/DO bus, but only the 16 bits of data read from 
the chip are affected. If R were in series with the 
DI driver, all the input signals for all the instructions 
would be slowed down in the same way. 


The R resistor doesn’t have any effect as long as 
DO is in high impedance. During the execution of a 
READ instruction, R sinks some current from the DI 
driver during the short overlap time; then the DI 
driver is disabled and DO output takes control of the 
DI/DO bus through the R resistor. 

Because of the bus capacitance C, the signals are 
distorded: the rising and falling edges of DO output 
are transformed into exponential curves whose 
shape depends on the time constant RC (see Fig- 
ure 5). 


The consequence is: after a rising edge of SK clock, 
the logical level on the DI/DO bus needs some delay 
before being considered as steadily established 
and ready to be sampled by the DO receiver. This 


safety delay can be estimated to be at least 3xRxC; 
after sampling, the subsequent rising edge of SK 
can occur. 

When applying the results of Figure 5 to the worst 
case of DO output levels (see data sheet): Vox min 
= 2.4 V, Vo. max = 0.4 V, Voltage Swing = 2 V, the 
DI/DO bus levels will be: 


- logical "1" = 2.3 V minimum for a delay of 3xRC 
- logical "O" = 0.5 V maximum after SK rising edge 


It will be necessary to reduce the SK clock fre- 
quency when and only when shifting the 16 bits of 
data out from the EEPROM. All other operations 
can be performed at the nominal clock rate. 


This reduction is of course directly related to the RC 
time constant of the DI/DO bus. Figures 6, 7, 8 
show some experimental examples replotted from 
the scope with different values of R and C. 


In the last example, the maximum clock frequency 
is: 1 / 3xRC = 100 KHz, assuming that DI/DO bus 
is sampled by the DO receiver circuitry just before 
the rising edge of the SK clock. 


In order to avoid an important reduction of the clock 
frequency, the following techniques can be used 
which minimize the R and C values: 


Figure 6. Oscilloscope Plot, R = 10 kQ, C = 100 pF, RC = 1 us 
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Figure 7. Oscilloscope Plot, R = 5 kQ, C = 100 pF, RC = 500 ns 
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- to minimize the bus capacitance, it is important to 
implement the EEPROM device as close as pos- 
sible to the DI driver/DO receiver circuitry for the 
shortest connection, and not share too many de- 
vices on the same DI/DO bus since the capaci- 
tance will be proportionnal to the number of 
devices connected in parallel to the same DI/DO 
bus. 


- the value of the R resistor can be decreased as 
long as the DI driver can source the corresponding 
amount of current during the bus conflict time and 
as long as the power supply is adequately decou- 
pled to withstand this transient of current. It’s up 
to the designer to decide about the best trade-off 
based upon his specific application’s require- 
ments. 


INTERFACE WITH CMOS CIRCUITS 


The MICROWIRE EEPROM devices are specified 
for TTL compatible input/output levels; when using 
CMOS circuits to interface these devices, some 
precautions must be taken to ensure the correct 
interpretation of the logical levels. 

Since the CMOS output-high levels are close to Vcc 
and output-low level close to OV, it is obvious that 
there are no difficulties in driving the DI, CS and SK 
inputs of the EEPROM devices. 


Concerning the DO output, the minimum output- 
high level is specified to 2.4 V, which is lower than 
the minimum input high level of CMOS (3.5 V for 
Vcc = 5 V). A common practice is to connect a 
pull-up resistor Rp between the DO output and Vcc, 
thus increasing the effective high-level in order to 
meet the CMOS specs. 

Although this configuration suits perfectly to a sepa- 
rate DI and DO, it raises some difficulties in com- 
mon DI/DO applications. 

When DO output is a "zero" level, i.e. Vor= 0.4 V, 
worst case conditions, the R and Rp resistors act 
together as a voltage divider on the DI/DO bus (see 
Figure 9); hence, the Rp resistor value must be at 
least 5 times greater than R value and the "zero" 
level on the DI/DO bus is: 


0.4V +(5V-0.4V)xR/(R+Rp) =1.17V 


when Rp = 5xR 


Although this value is 330 mV below the 1.5 V, 
maximum "zero" input level of CMOS, the wide 
noise margin traditionally associated with CMOS is 
then significantly reduced. 

For a "1" to "0" transition, the DO output on-chip 
buffer will have to discharge the bus capacitance 
through the R resistor and to sink some current from 
the Vcc through Rp resistor. In that case, we may 


Figure 9. DI/DO Bus Configuration with Pull-up Resistor (Rp) 
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see that the new time constant is equal to the 
product of the bus capacitance C with the parallel 
combination of R and Rp, which is 17% smaller than 
the one without Rp. However, the steady "0" level 
is no more 0.4 V, as we assumed for TTL levels but 
1.17 V as calculated above (if Rp = 5xR). Despite 
of this smaller time constant, the voltage swing 
between "0" and "1" is greater in this case (see later 
on); hence it is advised before sampling to keep the 
same "rule of the thumb" delay of 3xRC after the SK 
clock rising edge. 


The major problem is for the "0" to "1" transition. 
During a first step, the bus capacitance is charged 
through DO output in series with R and the Vcc 
power supply in series with Rp. These conditions 
lead to the same time constant as above (i.e. 17% 
smaller than the one without Rp). 


But once the DI/DO bus voltage reaches the DO 
output level, the DO on-chip buffer is automatically 
turned off and the Rp resistor remains the only 
contributor to the charge of the bus capacitance, 
resulting into a much higher time constant: RpxC = 
5xRxC (if Rp = 5xR). 

lf we consider the worst case "1" output level for DO 
(Von= 2.4 V ), it lasts a long time to go up to 3.5 V, 
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which is the minimum "1" input level for CMOS. It 
will last exactly 0.55xRpC (if Vec = 5 V) or 2.75xRC 
after the DO output turn off, and we must add a 
reasonable noise margin (300 or 400 mV). 

As a result: the minimum delay between the rising 
edge of SK and the sampling of the DI/DO bus 
should be 2 or 3 times longer than the one we’ve 
found for the TTL levels (without Rp), and the clock 
frequency must be reduced as much. 

It is possible to avoid this situation by using a TTL 
level compatible input CMOS device such as the 
74HCTXXX devices as DO receiver circuit, or a 
CMOS microcontroller that provides a "TTL input 
levels" option on its I/O ports, such as the ST9 
series, and thus get rid of this Rp resistor. 


PROGRAMMING MODE: ACKNOW- 
LEDGEMENT OF READY/BUSY STATUS 


On the MICROWIRE EEPROM devices, the self- 
timed programming cycle uses DO output to indi- 
cate the ready/busy status of the chip. 

The self-timed programming cycle begins with the 
falling edge of CS at the end of a programming 
instruction; such instructions include: WRITE, 
ERASE, WRAL and ERAL. 


Figure 10. Oscilloscope Plot, R = 10 kQ, C = 100 pF, Rp = 50 kQ 
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Figure 11. Acknowledge of the Ready/Busy Signal on DO Output 
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CS pin must be kept low for a minimum of tcs (See 
data sheet). DO output remains in high impedance 
as long as CS is low; if CS is brougth high for 
clocking a new instruction, DO comes out of high 
impedance state and indicates the Ready/Busy 
status of the chip (0 = Busy, 1= Ready). 

In common DI/DO applications, this may create 
again a bus conflict; therefore, it is recommended 
to cancel this status signal: this is very simply done 
by applying a single clock pulse on SK input while 
CS is high (see Figure 11). 


The operation is scheduled as follows: 

- shift into the chip a programming instruction 
- bring CS low for tcs minimum 

- bring CS high 


- monitor DI/DO bus till a "1" level is detected 
(Ready) 


- clock SK once 
- bring CS low 
- the chip is ready to accept a new instruction 


It should also be noted that this Ready/Busy status 
can be found active after the power-up of the chip; 
therefore, it is recommended to clock SK once (with 
CS = 1) prior to any instruction. 


CONCLUSION 


This note gives some guidelines for the possibilities 
and the conditions of a safe operation in common 
DI/DO applications. The safety of these designs is 
based on the good safety margins and the worst 
case data sheet values used in the calculations. 
These calculations are of course not exhaustive, 
each designer may adapt them for any given appli- 
cation. 
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MICROELECTRONICS APPLICATION NOTE 
ENSURING DATA INTEGRITY IN ZEROPOWER 
AND TIMEKEEPER RAMs 


The ZEROPOWER™ and TIMEKEEPER™ product 
families offer a unique non-volatile RAM solution. 
ZEROPOWER products consist of a single chip 
containing an ultra low power SRAM, a comparator 
for power supply voltage detection and battery 
control logic. TIMEKEEPERs include, in addition, 
a real time clock which loads clock/calendar infor- 
mation into specific locations of the memory array. 


The monolithic ZEROPOWER and TIMEKEEPER 
chips are packaged in 600 mil wide dual-in-line 
plastic packages with 24 or 28 pins. The "top-hat" 
housing attached to the top of the DIP package 
contains the battery and also a crystal for the 
TIMEKEEPER products. 


The products operate as conventional SRAMs 
when external power is applied. They have stand- 
ard SRAM footprints and fast read and write ac- 
cess times. When the applied power supply drops 
below the specified threshold, the control circuitry 
write protects the memory. At a lower voltage the 
internal battery supplies power to maintain the data 


ZEROPOWER Main Part Numbers 


[sme [wwe | orem [voor [aus 


MK48C02 No battery 
MK48Z02 


MKI48Z02 —40 °C to 85 °C 
MK48212 


MKI482Z12 —40 °C to 85 °C 


MK48Z08 Power Fail Interrupt 
MK48Z09 
MK48Z18 


MK1I48Z18 —40 °C to 85°C 


MK48219 Power Fail Interrupt 


AN395/0891 1/3 


1149 


AN395 


TIMEKEEPER Main Part Numbers 


in the SRAM and power the real time clock until the 
system power becomes valid again. 


Correct operation of the ZEROPOWER and TIME- 
KEEPER products requires the usual design con- 
siderations for high speed SRAM systems, however 
some additional points which sometimes give rise 
to incorrect operation are discussed below. 


Data Corruption or Loss 


Negative Undershoots. Loss or corruption of the 
data in the entire address space of the RAM can be 
caused by negative undershoots of more than 0.3V 
occurring on the device pins during a power cycle. 
Negative undershoots are often the result of im- 
proper termination of the signal lines. A resistor 
network can be used to correctly terminate the 
signal lines and prevent reflections and under- 
shoots. 


Figure 1. Gating of the system RESET and 
memory CHIP ENABLE for MK48Z02, MK48T02 
and MK48Z08 
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MK48T02 2K x8 4.75 V 
16K 
MK48T12 2K x8 45 V 
MK48T08 8K x8 
64K 
MK48T18 8K x 8 


4.75 V 
4.5 V 


Power Fail Interrupt 

Power Fail Interrupt 
Inadvertent Writes. Corruption of data in isolated 
bytes of the SRAM after a power cycle can be 
caused by inadvertent write cycles occurring on 
power up. Inadvertent writes can occur before the 
system stabilizes but after the ZEROPOWER or 
TIMEKEEPER is active. The memory should be 
protected against writing during the start-up phase 
and the signals are stable, by gating the system 
RESET with the memory CHIP ENABLE, as shown 
in Figure 1. 


Low or Noisy Power Supplies. ZEROPOWER 
and iIMEKEEPER products have well specified 
windows for the power supply voltage within which 
they deselect or reselect. These windows are spec- 
ified as either 4.75V to 4.5V or 4.5V to 4.2V. During 
normal operation the supply voltage for the prod- 
ucts must exceed the maximum window value. li 
however, during a memory access, the supply volt- 


Figure 2. Power on reset using E2 input of the 
MK48Z08 or MK48Z09 


NON VOLATILE RAM 


MK48Z08 


or 
MK48Z09 
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age drops into the deselect window, an invalid read 
or write to the ZEROPOWER or TIMEKEEPER may 
occur. Power supply fluctuations caused by current 
transients can be reduced through the use of a 
supply bypass capacitor mounted close the mem- 
ory package. A suggested value is 0.01 uF. If the 
system power supply is low and cannot be modified 
easily to bring it within specification, a change in the 
product type from a 5% to a 10% tolerance part may 
cure instances of unwanted deselection and appar- 
ent data corruption or loss. 


TIMEKEEPER Clock Errors 


Setting Unused Bits in Clock Registers. Within 
the eight bytes of clock/calendar information, con- 
tained in the memory array of the TIMEKEEPER 
products, are a number of bits which are specified 
as ‘unused’, but which must be written to zero. 
Some of these bits control internal test modes which 
speed up the clock in order to efficiently test the 
products at the factory. The bits are always set to 
zero before shipment, but if an application sets 
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these bits a test mode may be invoked and the clock 
may run erratically. In a test mode the clock may 
run extremely fast or the seconds may not roll over 
to minutes after 60 counts. Software routines ad- 
dressing the control registers should specifically set 
the unused bits to zero. 


Immediate Access of Clock Information after a 
Power Up. During normal operation of the TIME- 
KEEPER products, the memory locations of the 
SRAM that contain the clock/calendar information 
are updated by the internal clock counter once per 
second. When a TIMEKEEPER is in the battery 
back-up mode, no updates to the memory locations 
occur. After a power up, the actual time is trans- 
ferred to the memory locations one second after the 
product reselects. Thus access to the clock infor- 
mation in the memory in less than one second after 
a power up may yield the same information that was 
present at power down, not the new time. 


The precautions described above are the most 
frequent that many users enquire about, it is hoped 
that this brief Application Note will provide a fast 
solution. 
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UPGRADED MEMORY CAPABILITY USING ZEROPOWER 
AND TIMEKEEPER PRODUCTS 


Systems that need read/write non-volatile memory 
have several choices available: EEPROM, 
SRAM plus battery or the ZEROPOWER™ and 
TIMEKEEPER™ products from SGS-THOMSON. 
Many microprocessor based systems require a 
non-volatile memory for storing vital data such as 
calibration constants, set up parameters, adapt- 
able boot programs or other routines, systems 
status or clock & calendar information. Conse- 
quently many systems from computer and POS 
terminals, video games, process controllers, medi- 
cal equipment, trip computers, PABXs, to TV sets 
are using non- volatile memories today. 


EEPROM memory access times are fast for data 
reading (100-200ns) but relatively slow (5-10ms) 
for writing which means that in many system appli- 
cations data has to be copied in fast RAM and 
written to the EEPROM only when neccessary. 


Figure 1. Signal definitions for 24 and 28 pin DIP 
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EEPROM, SRAM and ZEROPOWER 


Standard SRAMs can be incorporated directly into 
the memory map of processors since they have 
fast, equal read and write speeds. However addi- 
tional circuitry must be designed to monitor the 
power supply and switch them over to battery 
back-up operation to make them non-volatile. A 
perfect solution to the need for non-volatile RAM is 
provided by the SGS-THOMSON ZEROPOWER 
and TIMEKEEPER RAMs which provide an SRAM 
together with battery back-up and the power supply 
and switch over circuitry in a single package. In 
addition the TIMEKEEPER products include a real 
time clock providing year, month, day, date, hour, 
minute and second information which may be read 
from locations in the SRAM address space. 


System designers can adopt a flexible solution to 
non-volatile memory by making a PC board layout 
which will allow users to have an easy upgrade from 


TIMEKEEPER 


2K x 8 8K x 8 32K x 8 | 2K x 8 8K x 8 


(19) 219 A10 
(18) 200 E 

(17) 19 § DQ7 
(16) 18 1 DQ6 
(15) 17 1 DQS 


(13) 15 9 DQ3 
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one solution to another. Three jumpers can be used 
to select the use of 2k x 8, 8k x 8 or 32k x 8 
EEPROM, standard SRAMs or ZEROPOWER/ 
TIMEKEEPER products. Product enhancements 
can be easily made by changing, for example, an 
EEPROM to a TIMEKEEPER. This would retain the 
non-volatile memory, but would add the ability for 
fast reading and writing of the memory and have a 
real time clock available. Typical benefits from 
using the TIMEKEEPER would be to timestamp 
events such as data transfers or files. 


The standard pin out for 2k to 32k memories is 
based on either a 24 or 28 pin dual-in-line package. 
Figure 1 shows in the center a 24 or 28 pin package 
with the signal definitions for the 2k x-8- memory - 
which can be an SRAM, EEPROM or 
ZEROPOWER productin 24 pin DIP. The difference 
in the signal definitions for each type and size of 
memory are show to the left and right. 


Table 1 gives the full listing of memory types and 
the jumper connections corresponding to the circuit 
of Figure 2. The PC board is provided with 28 
connections, but only the lower 24 are used for 
smaller memory sizes. Pin 2 is jumpered across to 
either the INT line for the TIMEKEEPER MK48T08, 
or the A14 address line for the larger 32k x 8 
EEPROM, SRAM or MK48Z32 ZEROPOWER 
products. Pin 26 is jumpered across to one of three 
signals, the supply Vcc for smaller memories of 2k 


x 8 capacity including the ZEROPOWER MK48Z02, 
the second chip enable E2 for the TIMEKEEPER 
MK48TO8 or the address line A13 for larger mem- 
ories of 32k x 8 capacity including the MK48Z32. 
The third jumper on pin 23 connects to either the 
write line W for 2k x 8 EEPROM, SRAM and 
ZEROPOWER/TIMEKEEPER products or to A11 
for the 8k x 8 and larger 32k x 8 sizes. 


Figure 2. Jumpers for pins 1, 23(21) and 26(24) 
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Table 1. Jumper positions for each type of memory 
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EEPROM 


MK482Z02 
MK48208 
MK482Z09 
MK48Z19 
MK482Z32 
MK48T02 
MK48T08 
MK48T18 


ZEROPOWER 


TIMEKEEPER 
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There has been for some years misunderstandings 
about the definition and specification of memory 
timing parameters. Many companies have used 
different timing names and different waveform dia- 
grams. Sometimes parameters are not clearly and 
unequivically defined. 


Timing parameter names have historically tended 
to describe the functions of the time, for example: 


— taH Address Hold time 
— {DH Data Hold time 
— tacc Access time 


These names do not describe very well the actual 
time specified, tay does not say hold time from 
what, to what. tacc does not specify whether this is 
the time from, for example, addresses valid or from 
chip enable asserted. 


Abetter system is to follow that outlined by JEDEC. 
This uses both signal names and logic states to 
define the timing parameters. 


The system follows the rules as in the example 
"ti234', where 1 and 3 specify the signal names 


Figure 1. Signal Names 
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APPLICATION NOTE 


TIMING SPECIFICATIONS 


(negative logic signals eg. E are shown without the 
negation bar), for example: 


-Q Data Output 
-D Data Input 
-E Chip Enable 
-G Output Enable 
—-A Addresses 
—-W Write Enable 


and, 2 and 4 specify the logic level as in Figure 2 
and follows: 


—H a Low to High transition to above a High 
level measurement threshold 

-L a High to Low transition to below a Low 
level measurement threshold 

-V valid signals, above High or below Low 
measurement levels 

-X transition or invalid signals, signals that 


are possibly changing and are below a 
high level or above a low measurement 
level. 


Figure 2. Input Output Waveforms References 


eye -se-<3 2V High 
0.8V Low 


Transition (X) 
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Some examples of these definitions, with the name 
it replaces, are in Table 1. 


Table 1. Timing Characteristics Example 


pa | Parameter 
Read Cycle Time 
Address Valid to Output Valid 


t t Chip Enable Low to Output 
saat cS Transition 

Chip Enable Low to Output 
tELaV tce Valid 
t t Output Enable Low to Output 
GLOX OLz Transition 

Output Enable Low to Output 
teLav toe Valid 


Chip Enable High to Output 
Hi-Z 


Output Enable High to Output 
Hi-Z. 


Address Transition to Output 
Transition 


Note: These are taken from the FLASH MEMORY data sheets. 


MEASUREMENT CONDITIONS 


The signal measurement conditions are also im- 
portant for the definition of timings, there are three 
important definitions, 


The input signal rise and fall time. Although, in 
theory, no timings depend on this - that is the 
definition of parameters is not dependant on the 
rise or fall time of the input signals - some products 
may have characteristics which vary with the slew 
rate of the input. 


The levels of the input signal. Both the Low level 
and High level voltage. These obviously must be at 
least equal to the specified Vit and Vin for the 
device input signals. 


The voltage level at which the timing measurement 
starts and stops. 


For example, for EPROMs the SGS-THOMSON 
specification states: 


— Input Rise and Fall times are 20ns max 


— Input and Output signal levels are 0.4V(min) to 
2.4V(max) 


— Input and Output timing reference levels are 
0.8V(Low) to 2.0V(High) 


and, a signal is defined as Hi-Z (high impedance) 
when it is not driving or being driven. 


USING THIS SYSTEM 


The system then works, for example, like here after 
described. 


Atime specification of tavav means a time from the 
point where the address lines are ALL below 0.8V 
for signals at or going to a logic Low level and above 
2.0V for those at or going to a High logic level, to a 
time where the data output signals are ALL either 
below 0.8V or above 2.0V. 


Atime specification of teHaz means a time from the 
chip enable input going above 2.0V to the point 
where the data output is no longer driving. 


Atime specification of taxax means a time from the 
point where any single address line rises above or 
falls below its stable, valid level (0.8V for Low level 
or 2.0V for High level), to the point where any data 
output line transition passes these levels and is 
consequently no longer valid. 


TIMING DIAGRAMS 


The use of these definitions makes it unneccessary 
to draw the timing diagrams with times shown from 
a notional high or low measurement point, as the 
measurement points are clearly specified by the 
definition of measurement conditions and the sig- 
nals and logic are described by the timing parame- 
ter description. The diagrams can be simplified for 
maximum clarity and understanding by indicating, 
diagrammatically, the timings from the waveform 
center point. 


For example, if the measurement conditions for 
timing are specified as: 

— Input Voltage levels are 0.45 to 2.4V 

— Input and Output reference levels are 0.8 to 2V 


and, Output Hi-Z is defined as the point where the 
signal is no longer driving; then in the diagram: 


— tavav is measured from the point where all ad- 
dress lines are either above 2V or below 0.8V 
to the same levels at the end of the cycle. 


— teLav is measured from E Low, or below 0.8V 
to the point where all data lines are either 
above 2V or below 0.8V. 


— teHaz is measured from E High, or above 2V, 


to where the data outputs are no longer driving 
the signal lines. 
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Note that the teLtav timing, for example, is shown the actual measurement points are clear from the 
diagramatically not from a "low" point on the E definitions and timing names. 


falling edge, but from the center and is shown not This system has been, or will be, adopted for all 


to a "high/low" point on the Data Output but again : 
to the center. This is for clarity of the diagram, as SGS-THOMSON memory products. 


Figure 3. Timing Diagram Example 


DQO0-—DQ7 DATA OUT 
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APPLICATION NOTE 


THE MK4202 TAGRAM 32-BIT CACHE DESIGN CONCEPTS 


INTRODUCTION 


The MK4202 cache TAGRAM™ from SGS- 
THOMSON Microelectronics is a very fast CMOS 
SRAM based Cache Directory Comparator. The 
MK4202 offers high performance with a 20ns cycle 
time, and a 17ns address to tag compare access 
time. It is configured for the new generation 32-bit 
microprocessors, and implements a 2K x 20 ar- 
chitecture (see Figure 1). The device contains a 
20-bit on-board comparator with dual compare or 
match outputs for easy interface to various 32-bit 
processors. An on-board chip enable decoder is 
also included to allow both width and/or depth 
expansion. Depth expansion is allowed up to a 32K 
density without speed (propagation time) penalties. 


Figure 1. MK4202 TAGRAM Logic Symbol 
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The MK4202 can enhance both system perfor- 
mance and cost. The high speed compare access 
time enhances the zero wait state logic to the 
processor for better system performance. Second- 
ly, the MK4202 has high impedance data bus con- 
trol inputs (S) (G), and eliminates separate latch, 
transceiver, and comparator components. This 
reduces the required real estate in PC board area, 
and results in lower system cost with no added gate 
delays through separate components. 


TAGRAM OPERATION 


A TAGRAM is that part of a cache subsystem that 
determines if data or instructions is retained in the 
cache memory (data cache). While this may be 
obvious, it should be noted that typical cache sub- 
systems are designed in three sections: the data 
cache which stores the data to be used by the 
microprocessor, the cache tag buffer or cache 
directory, which stores the upper order address of 
each cache entry, and the cache control logic for 
processor interface, and cache read/write opera- 
tions (see Figure 2). The data is identified by ad- 
dress location, and is stored in the cache directory 
(the MK4202 serves as the cache directory). If the 
TAGRAM "sees" a match, meaning that the neces- 
sary data is resident in the cache, it determines a 
hit and initiates a zero wait state operation to the 
processor. Conversely, a miss (nomatch) condition 
results in longer cycles for program execution since 
the cache does not contain the requested informa- 
tion. 


During a compare cycle, the MK4202’s on-board 
20-bit comparator compares the upper address 
inputs (DQo - DQ49) with internal RAM data at the 
specified index address (Ao - A1o). (The TAGRAM’s 
architecture is shown in Figure 3). If all bits are 
equal (match), a hit is determined, and both Com- 
pare Outputs (Co and C1) will go HIGH. If at least 
one bit is different, a miss condition exists, and both 
Co and Ci will go LOW. The user can optionally 
force a MISS or HIT on either or both compare 
outputs by asserting Mx or Hx active LOW. A forced 
MISS overrides a forced HIT input (note the data 
sheet Truth Table). The Compare Ouput Enable 
(CGx) has no affect during a Force Hit or Force 
Miss operation. 
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Figure 2. Generalized Cache Block Diagram 
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CIRCUIT DESCRIPTION 


A Direct Mapped Cache subsystem application 
using the MK4202 is shown in the schematic block 
diagram in Figure 4. In this example, we are serving 
a 32-bit microprocessor with a 32-bit address bus 
and data bus. The 12 lower significant address 
lines (Ao - Ai1) are connected to the address inputs 
of the MK4202, with A11 connected to Eo of both 
TAGRAMs as shown. 


Figure 3. MK4202 TAGRAM Organization 
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This input will implement a 4K address index for the 
Cache Directory in this example, and a 4K address 
for the Cache Data RAM. The upper address bits 
of the processor (Ai¢ - A31), function as the tag data 
bits for the MK4202 TAGRAM, with CDQo pulled up 
to Vcc (+5 volts) as a valid bit. Therefore, the 
cache tag buffer, or Cache Directory, consists of 4K 
X 16 bits, or 8K bytes. The Data Cache consists of 
eight very fast 4K x 4 SRAMs with Chip Enable (E) 
for a 32-bit line width, resulting in a total of 16K 
bytes of memory (refer to Figure 5). Cache subsys- 
tems studies have shown that a cache design using 
this mapping scheme and combined memory size 
can yield a hit rate of better than 80%. 


The MK4202 TAGRAM uniquely identifies each 
cache entry with an address scheme consisting of 
the index and tag. The upper addresses of a 32-bit 
microprocessor are considered as the tag, and are 
connected to the DQ pins (DQ: - DQie) of the 
MK4202 (see Figure 4). The CDQ pin is desig- 
nated to serve as the valid bit, as it allows the 
internal RAM to be reset or cleared to all zeros at 
all locations for the CDQo output. The 11 address 
inputs (Ao - Aio) of the MK4202 function as the 
address index, and are connected to the lower 
addresses of the processor. Extra lower order ad- 
dress lines can be connected to the Enable Inputs 
(Eo - E3) for on-board chip enable decode for depth 
expansion. (The Eo - Es inputs correspond directly 
to the Po - Pg inputs as described in the MK4202 
data sheet). In this example, A11 is connected to Eo 
for a depth expansion of 4K. The Co and C; Com- 
pare Outputs incorporate a CMOS totem-pole 3- 
state design. This high impedance state allows 
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Figure 4. 16K-Byte Direct Mapped Cache Subsystem 
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CIRCUIT DESCRIPTION (Continued) 


each output to be tied together in a wired-OR 
configuration for multiple device applications, as 
shown in Figures 4 and 6. A pull-up resistor is 
suggested to enhance proper operation. 


Figure 5. Cache Example Organization 
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All processor address lines do not have to be 
connected to the TAGRAM, as most systems re- 
quire designated non-cached addresses. Some 
address lines may define peripherals from an ad- 
dress vector for various I/O devices, or define DMA 
operations. Thus, a certain amount of address 
space is often required for various non-cacheable 
operations. Therefore, extra address lines from the 
processor can be used to decode these system 
operations. Unused addresses from the processor 
can be left open ; however, unused control and 
address inputs or tag data inputs to the MK4202 
should be tied to be determined as a logic one or 
logic zero. 


CIRCUIT OPERATION 


The basic purpose of our Direct Mapped Cache 
subsystem is to provide the microprocessor 
(henceforth CPU) with a quick response for re- 
quested data from the data cache to avoid long 
memory cycles to main memory. Since typical 
programs spend most of their execution time in 
loops or nested procedures from a few localized 
areas of the program, the cache subsystem can 
maintain a copy of this localized data for faster 
execution. This will make our system more efficient 
and provide optimum performance. 
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Figure 6. Application Block Schematic 
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CIRCUIT OPERATION (Continued) 


Operation begins by initializing the MK4202 TA- 
GRAM by asserting RS to clear all internal SRAM 
bits for the CDQo output to a logic zero. This 
invalidates all entries in the cache directory. When 
the CPU begins its first read command cycle, the 
lower address bits select a location in the MK4202. 
This location in the TAGRAM is compared against 
the 16 bits of tag along with the single valid bit 
(CDQo = Vcc). The valid bit will determine a miss 
condition causing Cx to go LOW since data ones 
Is being compared against data zeros. This is a 
cache miss, and the CPU will wait for a response 
from main memory. 


In our Direct Mapped Cache subsystem example, 
we will assume the write-through method for main 
memory and cache coherency. This means that 
while the CPU is waiting for data during a 
read/miss operation, that the cache write/read 
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control logic is designed to write data from main 
memory into the datacache SRAMs at the address 
defined by the index. When this happens, the 16 
bits of tag, along with the valid bit, will be written 
simultaneously into the MK4202 cache directory. 
This way both the main memory and the cache 
subsystem contain the same information. 


Now the logic one valid bit on the MK4202 TA- 
GRAM can verify that the data in the data cache is 
a valid copy of main memory, since both the internal 
data and CDQo (valid) are data ones. Of course, a 
cache miss will not occur after a reset operation, 
but every time the lower 12 address index bits 
select a location where the 17 tag bits (16 bits plus 
valid bit) do not match. However, each time a miss 
occurs, the most recent data will be written into the 
cache memory. This maintains cache coherency 
with main memory by constantly updating the 
cache with the most recent data. 
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CIRCUIT OPERATION (Continued) 


After the cache has been written with valid data, 
and the CPU executes a read command from the 
same location that has been written into the cache 
subsystem, then the data tag bits will match, and a 
cache hit results. During a hit condition, both com- 
pare outputs, Co and C1, will go HIGH. This will 
cause the CPU to operate in a no-wait state, and 
data will be gated onto the data bus from the data 
cache memory. The match/hit operation takes the 
requested data from the data cache, avoids wait 
state cycles to main memory, and terminates the 
cycle with a data acknowledge to the CPU. 


It should be noted that even though both Co and C; 
go HIGH during a hit, that both compare/match 
outputs may not be required for the cache hit/miss 
control logic. The user could use one match output 
for determining a miss or hit condition, and use the 
other compare output to pass inputs through the 
MK4202 to the CPU. This is illustrated in Figure 6, 
where Co is normally HIGH except in an error 
condition. In this manner, a system error or halt will 
alert the CPU and invalidate cache execution at the 
same time. This is another benefit using the 
MK4202 and can reduce the number of required 
logic gates, and therefore system components. 


CONCLUSION 


We have given a general application and overview 
of the MK4202 cache TAGRAM in conjunction with 
a 32-bit data bus Direct Mapped Cache subsystem 
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concept. System operation allows the cache sub- 
system to be updated with the most recent data for 
each access to main memory. The MK4202 allows 
easier implementation, and reduces the number of 
devices or components. Of course the MK4202 can 
also be used to implement a two or more set-as- 
sociative cache design. In fact, by using the enable 
and chip select inputs on the MK4202, one can easily 
implement several cache design arrangements. 


There are several features and organizational 
benefits when using the MK4202 for cache design. 
The device provides a flash clear (RS) function to 
invalidate cache entries, which is useful for single 
processor systems, and for multi-processor sys- 
tems sharing a cache subsystem. Additionally, the 
MK4202 is wide enough to provide extra bits for 
storing other information besides address tag data. 
One example might be "dirty bit" storage in a 
multi-processor application using a copy back 
method for cache coherency. Another example 
could be identification of non-cached addresses. 


With the introduction of SGS-THOMSON’s 
MK4202 TAGRAM, implementing cache subsys- 
tem designs for a 32-bit processor has been made 
easier. Cache subsystem implementation can now 
be provided for small-to-medium microcomputer 
systems without a large investment. The MK4202 
TAGRAM provides for cost effective, high speed 
cache memory designs for today’s 32-bit 
microprocessors, and is fully TTL compatible on its 
inputs and outputs. 
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APPLICATION NOTE 


UNDERSTANDING CACHE MEMORY SYSTEMS 


INTRODUCTION 


Each new generation of microprocessors on the 
market has become faster and faster. Today, 
microprocessors, such as the Intel 486 and the 
Motorola 68030 have cycle times of 25 ns and plan 
to go faster in the future. The speed of DRAM main 
memory in such microprocessor-based systems 
has not come close to matching these cycle times. 
For example, it is quite common to use a DRAM 
with a cycle time of 100ns with an Intel 486 micro- 
processor. The resultant difference in cycle times 
between the microprocessor and DRAM means 
that the microprocessor cannot operate at full 
speed, because it must perform “wait states” during 
memory cycles. Wait states seriously reduce sys- 
tem throughput and performance. 


Cache memories are used to increase system 
throughput by reducing these microprocessor wait 
states. A cache system is a small, fast access 
SRAM bank, capable of single cycle accesses, 
which resides between the microprocessor and 
DRAM. The cache contains a copy of a block of 
DRAM memory which is frequently accessed by the 
microprocessor. By putting frequently accessed 
memory in the fast cache memory, the micropro- 
cessor can receive data from the cache instead of 
the slow DRAM during memory cycles. The DRAM 
only supplies data to the microprocessor when the 
cache memory does not have the needed data. In 
this way, using a cache subsystem reduces micro- 
processor wait states. 


Figure 1: CACHE SUB-SYSTEM Block Diagram 
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The theory works because most software code and 
data is contiguously stored in memory, and ac- 
cessed repeatedly; therefore, the principals of tem- 
poral and spatial locality can be applied. The 
principal of temporal locality dictates that informa- 
tion currently being used by the microprocessor is 
likely to be used again in the near future. The 
principal of spatial locality dictates that the informa- 
tion to be used during the next memory cycle is 
likely to be close to the addresses of the information 
previously used by the microprocessor. Thus tem- 
poral locality is related to timing and spatial locality 
is related to actual physical location. According to 
these principles, there is a greater likelihood the 
microprocessor will find requested data in the 
cache memory and avoid wait-states. 


ELEMENTS OF A CACHE SUBSYSTEM 


The cache subsystem resides between the micro- 
processor and main memory and is comprised of 
three elements: the data cache, the cache tag 
buffer, and the cache control logic. The data cache 
contains the copy of prefetched data from the 
DRAM. The cache tag buffer or TAGRAM™ stores 
addresses for each corresponding entry, also 
called the TAG, in the data cache. The cache 
control logic interfaces with the microprocessor and 
controls all read/write operations between the pro- 
cessor, main memory, and cache memory. The 
block diagram in Figure 1 shows how these ele- 
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ments interact with one another, the microproces- 
sor, and the DRAM. 


THEORY OF OPERATION 


In order to better understand how a typical cache 
subsystem works, lets look at the operation of a 
direct mapped cache. In a direct mapped cache, 
each data cache location is mapped to one main 
memory location as shown in Figure 2 below. 


Cache Miss 


Upon power-up, all locations in the data cache are 
set to zero. When the microprocessor initiates its 
first read cycle, the upper bits of the address bus 
are compared with the address bits stored in the 
TAGRAM. For this first compare, there will not be 
a match since the data cache is empty and the 
TAGRAM has no corresponding addresses. This is 
called a cache miss, and the MATCH output on the 
TAGRAM will be a logic zero. In this case, the 
required data will have to come from DRAM. The 
cache controller signals the DRAM to provide the 
requested data and directs the microprocessor to 
execute wait states until it receives data. When 
there is a cache miss, the controller also initiates 
logic which insures the data cache will be updated 
with a copy of DRAM data. 


Cache Hit 


The next time the microprocessor performs a read 
cycle to the same address, the data cache will 


Figure 2: Direct Mapped Cache Organization 
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contain the needed data since the data cache has 
been updated to reflect what is inthe DRAM. Again, 
the address inputs to the TAGRAM are compared 
with the address bits stored in the TAGRAM. If 
there is a match, this is called a “hit” condition. The 
comparator inside the TAGRAM will output a logic 
1 on the MATCH output for a hit condition. A 
MATCH output of logic 1 means that the data 
contained in the data cache at this location is valid. 
The cache control logic will gate the data immedi- 
ately onto the data bus and signal the microproces- 
sor to complete its memory cycle. This happens so 
quickly that the microprocessor never has to ex- 
ecute a wait state. 


An Example ... 


Consider your friendly local television repairman. 
When he is dispatched to your residence, he carries 
only those parts which are most often required for 
repair. It would be impractical for him to bring every 
part that might possibly be needed; that would be 
tantamount to transporting the entire inventory of 
parts from the shop to your home! 


The repairman checks his list of parts and, if the 
required part is on the list, he fetches it from the 
truck. Since most repair jobs can be performed with 
those parts in the truck, it is likely your television set 
will be repaired immediately. However, if the re- 
quired part is not in the truck, it will have to be 
fetched from warehouse inventory. Since this part 
broke in your television set, there is a greater 
chance of it needing to be replaced than previously 
thought. Hence, when the repairman goes to the 
warehouse, he selects two of the needed parts: one 
to repair your television set and the other to put in 
his truck. This increases the likelihood that you will 
not have to wait on a part if your television breaks 
again. 


CACHE SUBSYSTEM PERFORMANCE 


The performance of any cache subsystem can be 
measured by its hit rate. The hit rate is the percent- 
age of memory cycles which can be completed 
using data from cache instead of data from the 
slower DRAM. For purposes of this discussion, we 
will talk about the cache performance of direct 
mapped caches. Acache hit occurs when the data 
cache has data requested by the microprocessor 
during a memory cycle. The microprocessor will 
receive data from the data cache and will avoid the 
wait states it would have incurred waiting on the 
DRAM. Therefore, the higher the hit rate, the more 
time the microprocessor spends working from fast 
cache memory and system performance is en- 
hanced. 
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A hit rate of about 80% is common for a 64K byte 
direct mapped cache ina PC. This means that the 
microprocessor can operate with no wait states 
80% of the time. 


Hit Rate Versus Organization 


Hit rate, for the same size cache memory, can be 
increased by varying the organization of the cache 
subsystem. Besides direct mapped, there are set 
associative cache organizations which achieve 
higher hit rates. 2-way and 4-way set associative 
caches are the most commonly used. The 2-way 
set associative cache is divided into two separate 
banks of memory. The 4-way set associative cache 
is very similar to the 2-way except that it has four 
banks. Figure 3 shows a typical 2-way set associ- 
ative memory. The 2-way set associative system 
contains two TAGRAM banks, two data cache 
banks, and the control logic. Also, unlike the direct 
mapped cache, it has a LRU (Least Recently Used) 
memory. This is a small memory used by the 
control logic to determine which of the two memory 
banks should be updated next after a “miss”. The 
memory bank that was not read last, the least 
recently used, is updated to match main memory. 


As mentioned above, the hit rate for a 64K byte 
direct mapped cache in a PC environment is about 
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80%. For a 64K byte system, the 2-way set asso- 
ciative memory has a hit rate of approximately 94% 
and the 4-way set associative is only slightly higher 
with a hit rate of approximately 98%. The perfor- 
mance increase of a set associative cache should 
be weighed against its higher cost. The increase in 
performance from the direct mapped organization 
to the 2-way set associative organization is sub- 
stantial: from 80% to 94%. On the other hand, there 
is a relatively small performance increase of the 
4-way set associative over the 2-way set associa- 
tive cache (94% to 98%). Moreover, 4-way set 
associative caches generally are much more ex- 
pensive than 2-way set associative caches. Figure 
4 shows typical hit rates for direct mapped and set 
associative organizations. 


CACHE EXPANSION 


Cache expansion allows the designer to construct 
wider and deeper caches subsystems while work- 
ing with readily available and relatively inexpensive 
parts. There are basically two types of cache ex- 
pansion: width expansion and depth expansion. 
Below, Figure 5 shows width expansion and Figure 
6 shows depth expansion using SGS-THOMSON 
parts. 


Figure 3: 2-Way Set Associative CACHE Origanization 
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Figure 4: Hit Rate Versus Set Associativity 
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Width Expansion 


Width expansion allows the designer to cache a 
larger section of main memory as shown in Figure 
5. The data bus is widened by increasing the num- 
ber of data cache RAMs; in the figure, four 4K x 4 
SRAMSs are used to increase the width of the data 
bus from 4 to 16 bits. The correct number of data 
cache RAMs is determined by dividing the width of 
the desired data bus by the width of the data cache 
RAMs. In this instance, 16 divided by 4 yields 4 
data cache RAMs. Similarly, the address bus can 
be expanded to a wider size by increasing the 
number of TAGRAMs. Figure 5 shows how three 
MK41S80 4K x 4 TAGRAMs are used to increase 
the width of the address bus from 16 to 24 bits. By 
utilizing width expansion, the same devices can be 
reconfigured to adjust for the different bus widths 
required by various microprocessors. 


Depth Expansion 


Depth expansion differs from width expansion in 
that it increases the actual depth of the cache. 
Cache depth expansion is accomplished by dupli- 
cating the TAGRAM and the data cache SRAM as 
shown in Figure 6. In this example, the cache size 


was doubled from 8K x 16 to 16K x 16 by adding 
copies of the MK48S74 TAGRAM as well as copies 
of the data caches. The upper bits of the address 
bus are used to provide chip enable selection for 
the added components. Notice that adding copies 
of the TAGRAM and the data cache did not expand 
the bus width; it only increased the size of the cache 
as awhole. Increasing depth of the cache improves 
the hit rate, because you are expanding the address 
map and increasing the likelihood of finding re- 
quested data in the cache. 


SUMMARY 


Cache memories provide the means for dramati- 
cally improving microprocessor-based system per- 
formance in a cost effective way. 

Using SGS-THOMSON TAGRAMs and SRAMs 
gives the designer the tools needed to significantly 
increase system throughput by minimizing wait 
states. Several factors, such as cache organization 
and size, determine cache effectiveness and must 
be weighed against system objectives to determine 
the most cost effective solution. SGS-THOMSON 
features a full line of TAGRAMs of varying organiz- 
ation and size that empowers the designer to design 
the right cache to fit individual system needs. 
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Figure 6: Width Expansion for TAGRAMs and Data Caches 
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Figure 5: Depth Expansion for TAGRAMs and Data Caches 
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LIST OF TERMS 


Associativity. Cache organization where main 
memory addresses are mapped to different SETs 
of SRAM banks. 


Cache. Fast, local memory containing a copy of 
frequently used main memory code and data. 


Cache Hit. Microprocessor requested data is found 
in the cache. 


Cache Miss. Microprocessor requested data is not 
found in the cache. 


DRAM. Dynamic Random Access Memory. 


Data Cache RAM. Portion of cache that stores 
copies of main memory data. 

Direct Mapped. Type of cache organization in 
which each data cache location is mapped to one 
main memory location. 


Hit Rate. Percentage of memory requests that are | 


Least Recently Used (LRU). Cache update policy. 
Used in set associative caches to update the oldest 
memory bank. 


Set Associative. Type of cache organization in 
which the cache sub-system is divided into memory 
banks which cache different sections of main mem- 
ory. 

Spatial Locality. Programs usually request data or 
instructions with main memory addresses close to 
the address of the data currently being used. 


SRAM. Static Random Access Memory 


TAGRAM. Portion of cache that stores the main 
memory addresses of data stored in the data cache 
RAM. 

Temporal Locality. Information currently being 
used is likely to be used again in the near future. 


cache hits. 
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APPLICATION NOTE 
WRITE PROTECTION 


IN THE ST24Wxx/ST25Wxx EEPROM FAMILY 


Among the non-volatile memories available today, 
the EEPROM is one of the most flexible memories 
which can be read, erased and written by byte or 
by block of bytes. This flexibility is appreciated in 
many applications but one aspect of flexibility in 
non-volatile memories is to not accept to store (and 
retain!) erroneous data. The EEPROM has there- 
fore to offer an Erase/Write protect function in order 
to prevent erroneous Erase/Write cycles occuring. 
The ST24/25Wxx serial EEPROMs compatible 
with the I?C protocol, offer several features for 
protecting the data stored in the memory. 


GLOBAL CONTROL OF THE ERASE/WRITE 
PROTECTION 


Write Control Feature 


The Write Control security feature (WC signal) isa 
global memory protection. In addition to the data 
line SDA and the serial clock SCL, the Write Control 
input signal can be driven to enable or inhibit the 
execution of an incoming Write command. When 
driven low (WC=0), the EEPROM can be accessed 
(Erase/Write), when driven high (WC=1), the 
EEPROM cannot be accessed (no Erase/Write). 
This WC input pin is driven by the bus master or by 
some other circuitry. 


Dynamic Drive of the Write Control Signal 


In order to get the best protection of data within the 
EEPROM, the bus master has to set the EEPROM 


inthe Write protect mode; in this configuration, data © 


stored in the memory cannot be modified. When 
the bus master has to write in the EEPROM, the 
bus master first deselects the memory protection 
(by driving low the WC pin), secondly writes and 
thirdly sets back the memory protection. 


Address Counter Status 


When using the Page Write instruction with the WC 
protection disabled (WC pin is driven low), the 
EEPROM internal address counter is incremented 
after each received byte and, in the case of the last 
received byte, it will set the EEPROM internal 
address counter to the right value for the first byte 
of the following Page Write command. When using 
the Page Write mode with the WC protection en- 
abled (WC pin is driven high), the EEPROM internal 
address counter is incremented after each re- 
ceived byte except for the last received byte; the 
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EEPROM internal address counter remains at the 
last received byte address. 


SELECTIVE CONTROL OF THE ERASE/WRITE 
PROTECTION 


Write Protect Enable Feature 


In addition to the Write Control feature, a second 
protection feature is offered on the ST24/25Wxx 
devices with the help of the input pin PRE. This 
Protect Enable feature, associated to the PRE pin, 
is based on external and internal conditions, the 
external part is driven by the PRE pin and the 
internal part (Software) allowing the definition of the 
size of the memory to be write controlled. 


The memory area to be write protected is defined 
by an address pointer whose value is stored in the 
top byte of the memory (address 1FFh, 3FFh 
and 7FFh for ST24/25W04, ST24/25W08 and 
$T24/25W16 respectively). All the bytes between 
this top address and the address defined by the 
address pointer are protected if the PRE condition 
is met, as detailed further on. The maximum size 
of the protected memory is one half of the whole 
memory for ST24/25W04 and ST24/25W16, one 
quarter of the whole memory for ST24/25W08 (see 
Figure 2). 


Figure 1. EEPROM Interface with Write 
Control Line 
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PRE Software Sequence the bus master first deselects the memory protec- 


The complete sequence in order to protect anarea _—*‘{0N, Secondly writes and third sets back the PRE 
is the following: pin active. However, this dynamic mode does not 


make sense when the bus master controls the WC 


a. PRE pin is driven low (by the bus master) pin. The static drive of PRE is generally used with 

b. Write the data inside the area to be write pro- ___the help of a pull-up resistor, as shown in Figure 3. 
tected The external pull-up resistor on PRE input pin 

c. Write the top byte. The Most Significant Bits allows the following steps: - 
(MSB) part of the top byte is the address pointer — Initialization of the secure area: the EEPROM 
(see Figure 4 and Figure 5), the Least Signifi- after insertion in the application board can still be 
cant Bits (LSB) are the control bits among which driven externally by forcing the PRE pin to OV 
the Write Protect Disable Flag (bit 2) has to be (typically a short circuit to Vss pin); under these 
set to ’0’ for enabling the write control feature. conditions, the application designer may write 


application data (Such as fabrication date, serial 


GEBE plnis diver nigh {oy tne Dus mestel) number, customer or dealer area, ...) and ad- 


Data above the byte pointed by the address pointer dress pointer value which must stay unmodified 
are now write protected, they cannot be modified when running the application. Once the PRE 
and are functionally equivalent to a ROM block. protected area is written, the external PRE short 


circuit is released. 


— When delivered to the end user, the data 


Static and Dynamic PRE Control written in the PRE protected area cannot be 


The PRE pin may be driven dynamically by the bus modified (the external pull up resistor on PRE 
master or wired to Vcc (or Vss). disables the Erase/Write access to this area), 
The dynamic drive from the bus master is per- only the complementary area inside the 
formed in the same way that the WC pin driven. EEPROM can be fully accessed. 


When the bus master has to write in the EEPROM, 


Figure 2. PRE Protected Areas 
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Leaving the PRE Mode 


The PRE protected mode is active if the two follow- 
ing conditions are true: PRE pin is driven high and 
bit 2 of the protected memory Address Pointer (top 
location byte) is ’0’. If one of these conditions is not 
true, the PRE protection is no longer active. In order 
to leave the PRE mode, the following sequence has 
to be run: 


— PRE pin is driven low 


— The Address Pointer (top location byte) is written 
with OFFh to freeze the PRE protection and to 
reset the Address Pointer value. 


More About the Address Pointer 


The Address Pointer slightly differs with the 
ST24/25Wxx memory capacity. The following de- 
tails the structure of this Address Pointer for each 
memory. 


The ST24/25W04 and the ST24/25W08 have the 
same address pointer, as shown in Figure 4. 


The address pointer consists of the 5 MSB (b7-b3) 
of the byte located at address 1FFh (ST24/25W04), 


Figure 3. Write Protect Enable Static Drive 
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3FFh (ST24/25W08) with the 3 least significant bits 
being forced to ’0’ in all cases. Such an address 
pointer can define a protected area with a maxi- 
mum size of 256 bytes, by steps of 8 bytes (be- 
cause the 3 LSB are forced to ’0’). 


The ST24/25W16 offers a larger address pointer, 
as shown in Figure 5. 


The address pointer consists of the 4 MSB (b7-b4) 
of the byte located at address 7FFh, the 4 least 
significant bits being forced to ’0’ in all cases. Such 
an address pointer can define an address with a 
maximum range of 256 bytes, by steps of 16 bytes. 
In addition to this address pointer, two additional 
bits are selecting the block number (Block 0,1, 2 or 
3) within which the (b7-b4) address pointer is de- 
fining the boundary of the protected area. 


The size of the protected area is therefore ex- 
tended up to 4 x 256 = 1024 bytes. These two 
additional bits (protect block) are driven by the 
logical level applied on input pins PBO,PB1. 
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Figure 4. Address Pointer in 4K and 8K Devices 
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Figure 5. Address Pointer in 16K Device 
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PRE PROTECTION AND DEVICE PIN-OUT 


The WriteProtect Enable feature is not available on 
all the ST24/25Cxx, ST24/25Wxx devices there- 
fore the application designer should note that the 
pin-out of the ST24/25Cxx, ST24/25Wxx devices 
may differ for pins 1, 2 and 3. This device specific 
pin-out is related to the [°C bus protocol when 
addressing devices of different memory size: for 
each ST24/25Cxx, ST24/25Wxx devices, the 4 
MSB of the first byte (Device Select) are constant 
(1010), the following bits have a specific function 
dedicated to the size of the memory. 


The following paragraph review the detail of each 
ST24/25Cxx, ST24/25Wxx device and the relation- 
ship between the pin-out and the PRE function. 


ST24/25C01, ST24/25W01 (128 bytes) 


The Device Select byte is composed of: 
b7 


bO 
pt fo ft | o |e] et] co | Rw) 


where: 


— E2is the upper bit of the Device Select code (this 
bit value must be identical to the value applied 
on pin Chip Enable 2). 


— E71 is the middle bit of the Device Select code 
(this bit value must be identical to the value 
applied on pin Chip Enable 1). 


— EO is the lower bit of the Device Select code (this 
bit value must be identical to the value applied 
on pin Chip Enable 0). 


The Address Byte handles 7 significant bits, the 
MSB is a Don’t Care bit (the ST24/25C01, 
$124/25W01 is a 128 bytes memory, therefore 
addressed with only 7 bits). Pins 1, 2, 3 are E0, E1, 
E2 Chip Enable input pins (see Figure 6), this 
device does not offer the PRE feature. 


ST24/25C02, $T24/25W02 (256 bytes) 


The Device Select byte is composed of: 
b7 


b0 
pi }o}s fo | ee] et | co | Rw 


where: 


— E2is the upper bit of the Device Select code (this 
bit value must be identical to the value applied 
on pin Chip Enable 2). 


— E71 is the middle bit of the Device Select code 
(this bit value must be identical to the value 
applied on pin Chip Enable 1). 
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— EOis the lower bit of the Device Select code (this 
bit value must be identical to the value applied 
on pin Chip Enable 0). 


The Address Byte handles 8 significant bits (the 


ST24/25C02, ST24/25W02 is a 256 bytes memony, 
therefore addressed with 8 bits). 


Pins 1, 2, 3 are EO, E1, E2 Chip Enable input pins 
(see Figure 6), this device does not offer the PRE 
feature. 


ST24/25C04, ST24/25W04 (512 bytes) 


The Device Select byte is composed of: 
b7 


bO 
pi fo ft | o | ez] et | as | Rev] 


where: 


— E2is the upper bit of the Device Select code (this 
bit value must be identical to the value applied 
on pin Chip Enable 2). 

— E71 is the middle bit of the Device Select code 
(this bit value must be identical to the value 
applied on pin Chip Enable 1). 


-~ A8 is the Memory Block number. A8 may also be 
considered as the upper bit of the address. 


The Address Byte handles 8 significant bits (the 
$1T24/25C04, ST24/25W04 is a 512 bytes memory 
splitted in 2 blocks of 256 bytes addressed with 8 
bits). Pins 2, 3 are E1, E2 Chip Enable input pins 
(see Figure 6), pin 1 is the PRE input pin. 


ST24/25C08, ST24/25W08 (1024 bytes) 


The Device Select byte is composed of: 
b7 


bO 
pt tol] o [ee] as] as [Rw 


where: 


— E2is the upper bit of the Device Select code (this 
bit value must be identical to the value applied 
on pin Chip Enable 2). 


— AQ9,A8 is the Memory Block number. A9,A8 may 
also be considered as the upper bits of the 
address. 


The Address Byte handles 8 significant bits (the 
$124/25C08, ST24/25W08 is a 1024 bytes mem- 
ory splitted in 4 blocks of 256 bytes addressed with 
8 bits). Pin 3 is E2 Chip Enable input pin (see Figure 
6), pin 2 is unused and pin 1 is the PRE input pin. 
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ST24/25C16, ST24/25W16 (2048 bytes) 


The Device Select byte is composed of: 
b7 


where: 


— A10,A9,A8 is the Memory Block number. 
A10,A9,A8 may also be considered as the upper 
bits of the address. 


The Address Byte handles 8 significant bits (the 
ST24/25C16, ST24/25W16 is a 2048 bytes mem- 
ory splitted in 8 blocks of 256 bytes addressed with 
8 bits). Pin 1 is the PRE input pin, pins 2 and 3 are 
selecting the block of memory inside which the PRE 
pointer is defining the boundary of the protected 
area. 


ST24/25E16 (2048 bytes) 


The Device Select byte is composed of: 
b7 


bo b0 
fi fo[1]o laolastastaw] [+] of: | o |e] er | co | aw 


where: 


— E2is the upper bit of the Device Select code (this 
bit value must be identical to the value applied 
on pin Chip Enable 2). 


— E1 is the middle bit of the Device Select code 
(this bit value must be identical to the value 
applied on pin Chip Enable 1). 


— EOis the lower bit of the Device Select code (this 
bit value must be identical to the value applied 
on pin Chip Enable 0). 


The Address Bytes handle 16 bits (the 11 Lower 
bits are significant). Pins 1, 2,3 are E0, E1, E2 Chip 
Enable input pins (see Figure 6), the ST24/25E16 
does not offer the PRE feature. 


Figure 6. Pin Connections Compatibility in ST24/25Cxx, ST24/25Wxx Product Family 
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APPLICATION NOTE 


TIMEKEEPER SRAMs FIND MANY APPLICATIONS 


One aspect that is common among systems using 
microcomputers is the need to maintain configura- 
tion data, protected against corruptions that can 
occur at un-predicted power-downs. 


POWER-FAIL SOLUTIONS 

There are many options that a designer can select 
to provide Non-Volatile Memory in his system: 

=» FLASH MEMORY 

® Serial or Parallel EEPROM 

=» NV-RAM 

= Discrete solutions using SRAMs 

= Integrated TIMEKEEPER products 


FLASH Memories are able to store large amounts 
of data and have access times fast enough to allow 
direct access by the CPU. However, a FLASH 
MEMORY must be erased before it can be re-writ- 


Figure 1. Work Station System Application 
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ten and this means that existing data has to be 
buffered in DRAM while the erase process takes 
place. Moreover FLASH Memories are slow to 
erase and write (10-20 seconds in worst cases) 
which makes them unsuitable for fast power-fail 
back-up applications. Serial and Parallel EEPROM 
are better than FLASH MEMORY for re-writing as 
they are byte addressable and only the new data 


~need be overwritten. 


The Serial devices are, today at least, still of small 
Capacity (16K max) and both Serial and Parallel 
need a relatively long time to write data (write cycle 
times are 5-10ms for page modes of 8-32 bytes 
which is still too slow for power-fail conditions). 


The best solution then is a battery backed SRAM. 
This can be implemented by the designer in one of 
two ways, by designing his own power fail detect 
and battery switch-over circuitry, or by using the 
integrated ZEROPOWER® or TIMEKEEPER’ de- 
vices. 
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Figure 2. Data Acquisition System Application 


Data Bus 


Analog 


Or 


Address 
Latch Digital 


I/O 


Address 
Bus 


Figure 3. CDI ROM System Application 
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MAINTAINING TIME 


Another key demand of many systems is to main- 
tain a real time clock. Used for example in time and 
date stamping files or print-outs. 


Specialised circuits are used with battery back-up 
to provide clock and calendar data to the CPU. 


THE TIMEKEEPER SOLUTION 


The TIMEKEEPER products provide one of the 
best solutions to both these needs. They incorpo- 
rate up to 64K of battery backed SRAM and include 
on the SRAM chip all the circuitry to provide a 
smooth switch over from external to internal battery 
power in the case of a power failure. Also included 
on the chip is a very low power real time clock which 
maintains the time in a form easily readable by the 
CPU. 


APPLICATIONS 
Work Station System 


Atypical workstation can incorporate the MK48T08 
or MK48T18 in the system memory map, in this way 
data in the memory can be read or written just as 
other data in the main ROMs or RAMs. Parameters 
such as system configuration data, clock and cal- 
endar information is stored in a completely Non- 
Volatile way, but available on-line. 


Atypical use of the time information in a workstation 
is the date and time stamp on files saved on the 
system disk drives (see Figure 1). 


Data Acquisition System 


Data acquisition systems collect analogue and/or 
digital information and store it until needed. Obvi- 
ously one of the most important aspects is that the 
data acquired must be stored in a Non-Volatile 
memory to protect it against loss on power failure. 
Most data acquisition systems also need to record 
the time that each piece of data was acquired in 
order to be able to then reconstruct the map of 
events with an accurate time line. 


Here again the battery backed SRAM stores the 
system configuration information and stores the 
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acquired data. The real time clock provides time 
stamping for the data (see Figure 2). 


CDI ROM System 


A consumer system that uses the Non-Volatile 
memory with Real TIME CLOCK is the Compact 
Disk Interactive system. In the CDI system the 
SRAM stores the system configuration data and a 
directory of pointers to the images stored on the CD 
ROM, these are stored in the SRAM to provide very 
fast access time to the images for quick retrieval. 

In addition the clock provides the system with time 


data for events, delays or time display (see Figure 
3). 


TIMEKEEPER APPLICATIONS 


= COMPUTERS: workstations, mainframes, 
PC’s, portables, VXI boards, VME boards, 
industrial controllers, POS terminals and 
data terminals. 


FAX MACHINES 


INSTRUMENTS: data loggers, utility me- 
ters, medical intruments, traffic signal con- 
trollers and test instruments. 


TELECOM: satellite receivers/decoders, 
cellular radios, modems,transmission cards 
and LAN’s. 


GAMES: interactive CD, video games, se- 
curity systems and slot machines. 


These applications use TIMEKEEPERs for 
the following functions: 


— Real Time Clock 
Configuration Files 
Boot Strap Programs 
Data Protection/Storage 
Real Time Clock for Time Stamping Data 
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TECHNICAL ARTICLE 


Synchronous Burst SRAM for secondary 


CACHE systems 


Ricky Tuttle 
SGS-THOMSON Microelectronics 
Carrollton, USA 


The advent of high speed microprocessors and the 
requirement for high performance systems has 
opened the door to the Fast SRAM (FSRAM) mar- 
ket place. FSRAM is needed to provide the fast 
memory access for these high performance sys- 
tems. SGS-THOMSON Microelectronics has de- 
veloped the strategy and technology to be a major 
player in the world wide FSRAM market. The com- 
pany’s strategy includes asynchronous and syn- 
chronous SRAM products developed with a 
cutting-edge HCMOS technology. 


The company has recently introduced four new 
products that are manufactured on its state-of-the- 
art 0.7, triple poly, double metal HCMOS process 
technology. There are two standard asynchronous 
FSRAM products organized as : 


— 32K x8 -M628032 


— 128K x8 -M628128 


These standard SRAM devices are offered in dif- 
ferent speed grades from 15-25ns for 40MHz to 
66MHz clock rates. Also two Specialty, processor 
specific, CACHE Burst RAMs (BRAM™), the 
MK62486 and MK62940, have been introduced 
employing an on-chip 2-bit burst counter. The 
MK62486 and MK62940 each have a unique count 
sequence to suit the processor. All of these prod- 
ucts are offered in JEDEC or industry standard 
pin-out configurations and package types. 


October 1993 


PROCESSOR SPECIFIC BRAMS 


The two Specialty SRAMs are processor specific 
to either the i486™ microprocessor, or the 68040 
microprocessor. The MK62486, 32K x 9 BRAM is 
for the 486 processor, and the MK62940 32K x 9 
BRAM is for the 68040 processor. Both processors 
employ a Burst CACHE line-fill algorithm of 128 
bits, but each processor has a unique burst se- 
quence requirement of four (4) bursts of 32 bits (36 
bits including parity). Therefore, the two devices 
incorporate a different 2-bit counter along with ad- 
dress and data registers. Both devices are organ- 
ized as 32K x 9 with control pins that connect 
directly to the processor or Cache controller. The 
burst algorithm allows 16 bytes of data (128 bits) 
to be transferred in five (5) subsequent processor 
clock periods, whereas a non-burst sequence 
would take eight (8) clock periods. This can be seen 
in Figure 1. where data and clock cycles for both 
burst and non-burst are shown. As a comparison, 
the burst sequence with a 33MHz clock rate would 
allow data to be transferred at 106M bytes/second. 
In anon-burst sequence, only 66.5M bytes/second 
can be transferred with the same 33MHzclock (this 
comparison assumes zero-wait states). The ad- 
vantage of the burst algorithm over a non-burst 
transfer is obvious for high performance systems. 


CACHE ADVANTAGES 


The i486 microprocessor has an on-chip primary 
Cache that is used for both data and instruction 
accesses. The Cache is organized as a four-way 
set associative Cache with 128 unique entries of 
16 bytes each (2K x 4-way set) for a total primary 
Cache of 8k bytes. The on-chip Cache has a high 
hit rate and allows internal high speed processing 
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Figure 1. 16 Byte (128 bit) Line Fill 


Non-Burst READ : 


DATA 


without external bus traffic. This is the basis of any 
Cache subsystem: to allow more performance in 
through-put with fewer external bus requests. 


The larger the Cache the more entries of data and 
instructions it can hold. With all other factors being 
equal, a larger Cache will provide better system 
performance with a higher hit rate. Therefore, many 
486 designs include a larger secondary Cache 
which is a Level Two (referred to as "L2") Cache 
subsystem. This is simply a second layer of high 
speed FSRAM between the primary or Level One 
"L1" Cache, and the system main memory com- 
posed of DRAM. As the "L2" Cache is a subset of 
the main memory, so the "L1" Cache is a subset of 
the "L2" Cache. Therefore, the "L2" Cache is larger 
than the on-chip primary Cache. Popular "L2" 
Cache sizes for 486 systems range from 64k and 
128K bytes to 256K bytes. 


"L2" CACHE ARCHITECTURE 


Secondary Cache designs can use either a look- 
aside or look-through architecture. The look-aside 
Cache subsystem architecture allows all memory 
requests to be sent to main memory while the 
Cache executes a parallel look-up. If the Cache 
memory does not contain the requested data 
(miss), the main memory cycle continues. When 
the data is found in the cache "Hit", the main 
memory bus cycle is terminated, and the Cache 
sub-system supplies the data requested by the 
microprocessor. This type of design does not pro- 
vide the best memory bus utilization since each 
request is forwarded to the system bus. Since both 
the main memory and Cache memory are ac- 
cessed using the same memory bus, the look-aside 
architecture does not provide for bus concurrence. 
This means another bus master cannot access the 
main memory even when the microprocessor is 
operating out of Cache. 
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The look-through (or Serial) Cache architecture fits 
in series between the microprocessor and system 
main memory. It is a more complex design, but 
allows excellent system bus utilization and pro- 
vides for bus concurrence. The look-through Cache 
reduces the number of memory requests to the 
global DRAM system bus. This means less system 
bus utilization which increases the overall system 
bus band width, and is an important factor in calcu- 
lating how effective the Cache performs. Also, the 
look-through architecture allows the microproces- 
sor to operate from the Cache memory while other 
bus masters can take advantage of the idle system 
bus. This is called concurrence processing. The 
only disadvantage is that the look-through design 
uses extra clock cycles to determine a hit or miss 
before transferring amemory request to the system 
bus. Of course a high hit rate defers this disadvan- 
tage by providing better overall system perform- 
ance. 


Figure 2. Look-through "L2" Block Diagram 
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There are other factors that determine the perform- 
ance of the Cache subsystem architecture such as 
set associativity, replacement or update policy such 
as write-through or write-back, line size, burst algo- 
rithms, and coherency control. These subjects can 
be studied by the reader in various printed litera- 
ture. The main objective in Cache design is to have 
a high "Hit" rate. This is the percentage of memory 
requests that are determined as Cache hits, and 
can be calculated as: 


Cache Hits 
HIT RATE % = x 100% 


Total Memory Requests 


A high hit rate means that the microprocessor is 
operating from Cache memory, and has a low 
percentage of requests to the external system 
memory. 


Look-through CACHE Architecture 


system DRAM 
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It should be noted that the Cache hit rate is deter- 
mined by the Cache hardware design and the 
software code being implemented. One cannot 
always assume that all software programs will 
benefit by the same amount from a particular 
Cache architecture. In short, Cache design should 
be tailored with considerations to the product ap- 
plication. 


USING THE 32K x 9 BRAM IN "L2" 
CACHE DESIGNS 


There are many chip sets now available for easy 
"L2" Cache designs for the i486 processor. These 
chip sets support the look-through Cache architec- 
ture with a local bus, and offer support of various 
Cache sizes, associativity, and replacement poli- 
cies. Some vendors include the Cache controller, 
memory management unit (MMU), and bus control 
interface all in one device. Other vendors offer a 
"Set" of devices which include a Cache controller, 


Figure 3. Local Bus Block Diagram 
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a system local bus and memory controller, and a 
system bus I/O (ISA/EISA) bridge unit. Figure 3 is 
a block diagram of how a typical chip set will 
interface to the i486 microprocessor using a local 
bus configuration. 


Many chip set Cache control units will support 
either asynchronous FSRAM or synchronous 
Cache RAM in their designs. Synchronous Cache 
RAM for the i486 is the MK62486 32K x 9 BRAM 
with an on-chip burst counter, and a self-timed write 
cycle. The MK62486 from SGS-THOMSON Micro- 
electronics supports 2-1-1-1 zero-wait state read 
cycles, and is available now with clock to data 
access time of 19ns. These devices will fit in de- 
signs with clock rates up to 40MHz. The BRAM can 
be connected to the Cache controller unit. It should 
be noted that this is a general connection scheme, 
and actual pin and control connections may vary 
with the chip set units. 


ADDRESS/DATA 


CACHE RAM 


ee a ce aren ae ky SGS-TH 


Local Bus 
Control Unit 


system 
DRAM 


, 


ISA/EISA BRIDGE 
UNIT 


é 


OMSON 


MICROELECTRONICS 


1184 


TA125 


Figure 4, 128K Byte, Cache Control Unit Connections 
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CACHE CTRL UNIT 


The BRAM provides several advantages over the 
standard SRAM. First, the BRAM has an on-chip 
burst address counter which is faster than any 
external address generator.:Second, the device 
employs address and data registers to avoid exter- 
nal latches: Finally, the synchronous Cache RAM 
provides the best performance allowing the most 
design margin. In summary, the BRAM can provide 
for an easier design with more margin, lower real 
estate, and higher system performance. This re- 
sults in better production yields with lower costs. 


SGS-THOMSON will soon introduce a_ faster 
32K x 9 BRAM device with access times of 12-14ns 
for processor clock rates to 66MHz. The faster 
32K x 9 BRAM, dubbed M62486A, will meet Cache 
design requirements for faster 486 microproces- 
sors or the new Pentium © 64-bit microprocessor. 
A synchronous device will be required to meet the 
zero-wait state operation the Pentium processor. 
The Cache BRAM will work for either microproces- 


HD(7:0)DPO 


HD(15:8)DP1 


HD(23.16)DP2 


HD(31:24)DP3 


32k x 9 BRAM 


sor since the burst algorithm for the i486 and the 
Pentium are the same. The M62486A supports the 
zero-wait state 2-1-1-1 algorithm. 


Another synchronous Cache RAM device to be 
introduced is the M62486R. This product is a 
32K x 9 BRAM with registered outputs. The device 
has common I/O with registers on both the input 
and output circuitry. This allows for a pipe-line 
architecture during a burst read operation where 
data out is valid from the rising edge of the clock in 
8ns. The M62486R will provide the necessary 
speed and design margin for 66MHz Pentium de- 
signs using a 3-1-1-1 burst algorithm. The Burst 
Read clock sequences are shown here for both the 
M62486A, and the M62486R. These 32K x 9 
BRAM products from SGS-THOMSON will be fur- 
ther developed using a similar definition for two 64K 
x 18 BRAM family devices. The 64K x 18 organiza- 
tion will support Cache size upgrades without major 
redesign. 
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Figure 5. BRAM Asynchronous and Registered Outputs 
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KEY BURST TIMING PARAMETERS 


The BRAM can support burst read Cache line-fill 
cycles for the i436, or both burst write and burst 
read cycles for the Pentium microprocessor. Once 
the i486 microprocessor (or Pentium) has asserted 
a valid address, the BRAM registers the address at 
the rising clock edge where ADS# is asserted (As- 
serted in this context means an active signal). After 
the BRAM has registered the base address, the 
three subsequent addresses are generated by the 
on-chip burst counter. The BRAM allows wait states 
to be inserted in the burst sequence by using the 
ADV# control pin. The on-chip burst counter is not 
affected, and the burst sequence will continue as 
expected after the wait state(s) is completed. It is 
up to the Cache controller to abort a Cache line-fill 
or begin a new one. A burst cycle in the BRAM is 
always initiated by asserting either ADSP# or 
ADSC# at the rising edge of the clock. These 
signals allow the device to register a new base 
address, and set-up for the burst sequence. 


| 


BURST 
Complete 


| Suspend BURST 


| Two wait-states 


The BRAM also allows immediate control of the 
data bus by featuring an asynchronous Output 
Enable (OE#). Although clock-to-data-out is the 
limiting access time, the fast Output Enable can 
provide data within 8ns after being asserted. This 
allows the OE# to be asserted later in the read cycle 
without access penalty. Using OE# as the output 
data bus control has no affect on the burst counter 
sequence. During wait-states the data bus can be 
driven to a high impedance state. Once the burst 
cycle continues, the data bus can become active 
for the duration of the burst without consequence 
to the burst algorithm. Figure 7 depicts the BRAM 
pin configuration in an industry standard 44-pin 
PLCC. 


Today’s popular microprocessors demand high 
speed memory products to keep pace with their 
Cache requirements. Many chip sets exist for quick 
"L2" Cache designs to meet the needs of these high 
speed microprocessors. They offer support of zero- 
wait state performance using either standard 
FSRAM or synchronous Cache Burst RAM. 
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Figure 6. Burst Counter Control! Allows Wait-States 
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To meet this challenge, SGS- THOMSON has intro- 
duced four byte-wide fast SRAM products in a 0.7 
HCMOS technology. For a processor with a 32-bit 
data bus, only four (4) devices are required to 
provide from 128K bytes to 512K bytes of Cache 
memory as: 


— 32K x 8 x (4) or 32K x 9 x (4) (128K bytes) 


— 128K x 8 x (4) (512K bytes) 


Larger Cache sizes for direct mapped or set asso- 
ciative Caches can be easily implemented. 


Although the present 32-bit and 64-bit microproc- 
essors have larger and faster "L1" Caches on-chip, 
the "L2" Cache needs for these data hungry proc- 
essors is expected to remain for a long time. 
FSRAM and specialty synchronous Cache RAM 
provide the means to meet these high speed sec- 
ondary Cache requirements. 


Figure 7. MK62486 Top View 
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QUALITY NOTE 


MEMORY PRODUCTS QUALITY PROGRAM 


The Corporate quality program of SGS-THOMSON 
is published as the SURE (Semiconductor Users 
Reliability Evaluation) Program. The quality pro- 
gram for memory products follows closely this Pro- 
gram. Described here are the particular controls 
that apply specifically to memories starting with the 
Lot Acceptance and AOQ assessment and fol- 
lowed by the program for memory product qualifi- 
cation, an indication of the the manufacturing SPC 
(Statistical Process Controls) and the Short and 
Long term reliability tests. 


Lot Acceptance 


The role of a final Lot Acceptance sampling has 
changed from that of lot acceptance - although this 
still applies - more to the collection of statistical data 
about the outgoing quality, and the monitoring of 
the quality to the target defectivity in Parts Per 
Milion (ppm). 


The Average Outgoing Quality (AOQ) is estimated 
from the results of Lot Acceptance testing. The 
measure developed by and used by SGS- 


Table 1. Finished Product Acceptance 


THOMSON for the AOQ is known as the Average 
Outgoing Quality Estimator and is given by: 


Total Defective units in sample, with d <c + 1 
Total inspected units in samples of accepted lots 


Where d = number of defects in sample, c = accept- 
ance number. The totals are those of ALL lots 
inspected (ist, 2nd, etc controls). 


This AOQE converges towards the real AOQ as the 
number of sampled lots increases, even though an 
acceptance number of zero is used. 


Memort Product Qualification/Major Changes 


Memory Product qualification is made on new 
memory products, new die designs and new pack- 
ages and existing products when there are major 
changes to the design or manufacturing. 


The tests performed depend on the parameters 
affected by a major change or the qualification of 
combinations of new die designs and new Plastic 
or Ceramic packages. 


The tests performed are selected as appropriate 
from those listed in Tables 3 through 6. 


Minimum Acceptance 
A2+A3+A4 Cumulative electrical and inoperative mechanical failures ee ee ee 


Table 2. Qualification 
{ Wafer Fabrication Major Tests selected to control the parameters that are affected by the change, 
Changes varying from the design or mask set to the fabrication plant. 
Tests selected to control the parameters that are affected by the change, 
psseMbly Majonenanges varying from package material changes to the assembly plant. 
ae Tests selected to control the parameters depending on the type of 
Pro Quainicanon package and whether the die is new or already qualified. 
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Table 3. Product Qualification, Ceramic Packages - Package Related Tests 


Subgroup Test Procedure ae Test Conditions 
1 Physical Dimensions Published Data 
Bond Strength ee 


Solderability: 


— FDIP Package 245°C, 5sec, Precondition Steam, 1hr 


— JLCC, LCCC Packages CECC 90,000 | 215°C, 3sec, Precondition Dry Air 150°C, 16hrs 


Ps [savaimospnore | 1000 ‘| Te Gondton a aS6,20ie 
Resistance to Soldering Heat | peor, tosee 


Thermal Shock -55 to 125°C, 15 cycles 


Temperature Cycling 


—65 to 150°C, 100 cycles 


Moisture Resistance —10 to 65°C, RH = 90% 


Fine Leak Test Condition A1 


Gross Leak Test Condition C1 


Mechanical Shock Test Condition B 


Vibration Variable Frequency Test Condition A 


Constant Acceleration Teat Condition E 


Fine Leak Test Condition A1 


Gross Leak Test Condition C1 


Temperature Cycling —65 to 150°C, 10 cycles 


Constant Acceleration Test Condition E 


Fine Leak Test Condition A1 


Gross Leak Test Condition C1 
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Table 4. Product Qualification, Plastic Packages - Package Related Tests 


= on 
| 


Physical Dimansions 2016 Published Data 


Coplanarity PLCC, PSOJ & JLCC Published Data 
Packages 


Solderability: 7 


— PSO, PSOJ & PLCC Packages | CECC 90,000 | 215°C, 3sec, Precondition Dry Air, 150°C, 16hrs 


— PDIP package 245°C, Ssec, Precondition Steam, 8hrs 


Resitance to Solvents 2015 4 Solvent Solutions 
Salt Atmosphere 1009 Test Condition A, 35°C, 24hrs 
Lead Integrity 2004 Test Condition B2 


215°C, 40sec 
260°C, 10sec 


Resistance to Soldering Heat: 
— PSO, PSOJ & PLCC Packages 
— PDIP Package 


Resistance to Surface Mounting: 

Temperature Humidity: 85°C, RH = 85% 

— PSO Package 24hrs 

— PLCC & PSOJ Packages 48hrs 

Solder Dipping: 

—- PSO Package 260°C, 10sec 

— PLCC & PSOJ Packages 215°C, 120sec 
Visual Inspection Body Cracks 
Pressure Pot 121°C, 2Atm, 168hrs 
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Table 5. Product Qualification, Ceramic Packages - Die Related Tests 


Subgroup Test Procedure pi nriealets Test Conditions 
| Operating Life Test 1005 140°C, Vcc = 5 to 7V, 500hrs 
Operating Life Test 1005 125°C, Vcc = 5.5V, 1000hrs 
Retention Bake (EPROM) 1008 250°C, 500hrs 


Ps [eecrosateoscige |_| stan,rotp. 2000 ny 


Current Injection 200mA (min), 
saeaadiad kee Overvoltage 14V (min) 


Table 6. Product Qualification, Plastic Packages - Die Related Tests 


Subgroup Test Procedure cel ta Test Conditions 


1005 140°C, Vcc = 5 to 7V, 500hrs 
Retention Bake (OTP, EEPROM) 1008 150°C, 1000hrs 


Latch-up 


ae Operating Life Test 
te | Operating Life Test 1005 125°C, Vcc = 5.5V, 1000hrs 

Write/Erase Cycling (EEPROM 
pe FLASH) Published Data 

85°C, RH = 85%, Voc = 5.5V, 

pos Temperature, Humidity, Bias CECC 90,000 4000hrs 
| og Temperature Cycling 1010 —40 to 150°C, 1000 cycles 
[ oo. ol Thermal Shock 1011 —55 to 125°C, 500 cycles 
T? | wast CECC 90,000 | 190°C, RH = 85%, sehr 


Electrostatic Discharge 3015 1500Q, 100pF, 2000V (min) 
Electrostatic Discharge EIAJ IC-121 0Q, 200pF, 200V (min) 


atc JEDEC STD-17 | Curent ection 200m (in) 
Soft Error Testing (SRAM) re ae 
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Statistical Process Control 


One of the most powerfull tools implemented 
throughout the production of memory products is 
SPC. The final goal of the SPC program is to bring 
each critical step of the process to “6 Sigma” capa- 
bility (Cp = 2). Current controls are at Cp and Cpk 
1.33. For example, in a typical wafer processing 
line more than 200 variables may be controlled for 
SPC. Data is gathered and analysed by on-line 
computers and provides up-to-the minute control 
charts (eg X, R charts). The critical process steps 


are defined by FMEA (Failure Mode and Effects 
Analysis). 


A selection of the most important SPC steps and 
the Cp and Cpk results is regularly available and 
can help customers to avoid the costly qualification 
of new products when the products come from a 
qualified design and a manufacturing process that 
is demonstrated to be under control. 


The Table 7 and Table 8 show some typical SPC 
results from both wafer fabrication and assembly 
processes. 


Table 7. Statistical Process Control, Wafer Fabrication, CMOS EPROM (1.2 micron) 


Parameter 


} Gate Oxide Thickness Oxide Thickness 


Dependant Performance 


VTH Field Minimum 

P-Channel Transisitor Latch-up Related 
VTH Field Minimum 

N- ae Transistor Latch-up Related 


Intermediate Dielectric 


Table 8. Statistical Process Control, Ceramic Package Assembly EPROM 


Parameter 


2 Bond Strength 


3 


Dependant Performance 


Ps [were | nemo | 200 [ese | | v9 
[essing Those | sotasty | sso | ave | azo | 10 
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Short Term Reliability Testing Reliability tests are performed on a lot-by-lot or 
In order to provide a rapid feedback on product weekly basis. These are summarised in Table 9 and 
reliability to manufacturing, a series of Short Term _‘[able 10. 


Table 9. Short Term Reliability Tests, Ceramic Packages 


Subgroup Test Procedure pci aie Test Conditions 
Thermal Shock 1011 —55 to 125°C, 60 cycles 
Retention Bake (EPROM) Poe 180°C, 72hrs 


6 tessticoty [conten 


Hermeticity: 1014 


Test Condition A1 


— Fine Leak 


— Gross Leak Test Condition C1 


Table 10. Short Term Reliability Tests, Plastic Packages 


MIL-STD-883 da. 
Temperature Cycling 1010 —40 to 150°C, 100 cycles 


Write/Erase Cycles (EEPROM & 
FLASH) | |p 
4 
5 


CECC 90,000 


— PSO, PSOJ & PLCC Packages 215°C, 3sec, Precondition Dry Air, 150°C, 16hrs 


3 Solderability: 
~— PDIP Package 2003 245°C, 5sec, Precondition Steam, 8hrs 


[4 [resent seiens | atts | Asehen Sine 
a 
a 
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Long Term Reliability Testing producis. Sampling is made either monthly, 3 or 6 
Long Term Reliability tests are performed to pro- Si aah on the isi performed. Table 
vide evidence of the life time reliability of memory 11 and Table 12 summarise the tests. 


Table 11. Long Term Reliability Tests, Ceramic Packages 


MIL-STD-883 oo 
Subgroup Test Procedure Test Conditions 


1 Operating Life 1005 125°C, Vcc = 5 to 6V, 1000hrs 
2 Retention Bake (EPROM) 1008 250°C, 500hrs 
Thermal Shock —55 to 125°C, 15cycles 
5 
Gross Leak _ | Test Condition C1 
; we. | Electrostatic Discharge 3015 1500Q, 100pF, 2000V (min) 
Salt Atmosphere 1009 Test Condition A, 35°C, 24hrs 


a Internal Water Vapour 1018 5000 ppm (max) 
es Temperature Cycling 1010 —65 to 150 °C, 500 cycles 


Temperature Cycling —65 to 150°C, 100cycles 


Moisture Resistance —10 to 65°C, RH = 90%, 10 cycles of 24hrs 


Fine Leak Test Condition A‘ 


Gross Leak Test Condition C1 


Mechanical Shock Test Condition B 


Vibration Variable Frequency Test Condition A 


Constant Acceleration Test Condition E 


Fine Leak Test Condition A1 


Gross Leak Test Condition C1 


Temperature Cycling —65 to 150°C, 10 cycles 


Constant Acceleration Test Condition E 


Fine Leak Test Condition A1 
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Table 12. Long Term Reliability Tests, Plastic Packages 


poy 


Conclusion tion, combined with clear design rules and a well 


SGS-THOMSON believes that the extensive atten- designed technology base, give the Company a 
tion given to process control and product evalua- © WOrld class overall quality rating. 
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Herlev Tory, 4 

Tel (45-44) 94 85 33 
Telex: 35411 

Telefax: (45-44) 948694 


FINLAND 


LOHJA SF-08150 
Ratakatu, 26 

Tel (358-12) 155 11 
Telefax (358-12) 155 66 


FRANCE 


94253 GENTILLY Cedex 
7 - avenue Gallien - BP. 93 
Tel : (33-1) 47 40.75 75 
Telex 632570 STMHQ 
Telefax (33-1) 47 40 79 10 


67000 STRASBOURG 
20, Place des Halles 

Tel (33-88) 75 50 66 
Telefax’ (33-88) 22 29.32 


GERMANY 


85630 GRASBRUNN 
Bretonischer Ring 4 
Postfach 1122 

Tel : (49-89) 460060 
Telefax (49-89) 4605454 
Teletex: 897107=STDISTR 


60327 FRANKFURT 
Gutleutstrasse 322 

Tel (49-69) 237492-3 
Telefax: (49-69) 231957 
Teletex 6997689=STVBF 


30695 HANNOVER 51 
Rotenburger Strasse 28A 
Tel (49-511) 615960-3 
Teletex’ 5118418 CSFBEH 
Telefax (49-511) 6151243 


90491 NURNBERG 20 
Erlenstegenstrasse, 72 
Tel.: (49-911) 59893-0 
Telefax. (49-911) 5980701 


70499 STUTTGART 31 
Mittlerer Pfad 2-4 

Tel. (49-711) 13968-0 
Telefax. (49-711) 8661427 


ITALY 


20090 ASSAGO (Ml) 

V le Milanofiori - Strada 4 - Palazzo A/4/A 
Tel (39-2) 57546 1 (10 linee) 

Telex 330131 - 330141 SGSAGR 
Telefax (39-2) 8250449 


40033 CASALECCHIO DI RENO (BO) 
ViaR Fucini, 12 


‘Tel (39-51) 591914 


Telex 512442 
Telefax (39-51) 591305 


00161 ROMA 

Via A. Torlonia, 15 

Tel. (39-6) 8553960 
Telex: 620653 SGSATE | 
Telefax’ (39-6) 8444474 


NETHERLANDS 


5652 AR EINDHOVEN 
Meerenakkerweg 1 

Tel « (31-40) 550015 
Telex: 51186 

Telefax (31-40) 528835 


SPAIN 


08004 BARCELONA 

Calle Gran Via Corts Catalanes, 322 
6" Floor, 2" Door 

Tel (34-3) 4251800 

Telefax (34-3) 4253674 


28027 MADRID 

Calle Albacete, 5 

Tel (34-1) 4051615 
Telex: 46033 TCCEE 
Telefax: (34-1) 4031134 


SWEDEN 


S-16421 KISTA 
Borgarfjordsgatan, 13 - Box 1094 
Tel . (46-8) 7939220 

Telex: 12078 THSWS 

Telefax (46-8) 7504950 


SWITZERLAND 


1218 GRAND-SACONNEX (GENEVA) 
Chemin Francois-Lehmann, 18/A 

Tel. (41-22) 7986462 

Telex 415493 STM CH 

Telefax (41-22) 7984869 


UNITED KINGDOM and EIRE 


MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 

Tel." (44-628) 890800 
Telex: 847458 

Telefax. (44-628) 890391 


AMERICAS 


BRAZIL 


05413 SAO PAULO 

R Henrique Schaumann 286-CJ33 
Tel : (55-11) 883-5455 

Telex (391)11-37988 “UMBR BR" 
Telefax (55-11) 282-2367 


CANADA 


NEPEAN ONTARIO K2H 9C4 
301 Moodie Drive Suite 307 
Tel.. (613) 829-9944 

Telefax (613) 829-8998 


U.S.A. 


NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
55 Old Bedford Road 

Lincoln, MA 01773 

Tel : (617) 259-0300 

Telefax. (617) 259-4421 


SALES COVERAGE BY STATE 


ALABAMA 
Huntsville - Tel.. (205) 533-5995 
Fax (205) 533-9320 


ARIZONA 
Phoenix - Tel (602) 867-6217 
Fax (602) 867-6200 


CALIFORNIA 

Santa Ana - Tel (714) 957-6018 
Fax. (714) 957-3281 

San Jose - Tel (408) 452-8585 
Fax (452) 1549 


COLORADO 
Boulder - Tel.. (303) 449-9000 
Fax (303) 449-9505 


FLORIDA 
Boca Raton - Tel.. (407) 997-7233 
Fax (407) 997-7554 


GEORGIA 
Norcross- Tel (404) 242-7444 
Fax (404) 368-9439 


ILLINOIS 
Schaumburg - Tel.. (708) 517-1890 
Fax (708) 517-1899 


INDIANA 

Kokomo - Tel (817) 455-3500 
Fax. (317) 455-3400 

Indianapolis - Tel (317) 575-5520 
Fax (317) 575-8211 


MICHIGAN 
Livonia-  Tel.: (813) 953-1700 
Fax: (313) 462-4071 


MINNESOTA 
Bloomington - Tel (612) 944-0098 
Fax (612) 944-0133 


NORTH CAROLINA 
Cary - Tel (919) 469-1311 
Fax (919) 469-4515 


NEW JERSEY 
Voorhees - Tel.. (609) 772-6222 
Fax (609) 772-6037 


NEW YORK 
Poughkeepsie - Tel.: (914) 454-8813 
Fax: (914) 454-1320 


OREGON 
Lake Oswego - Tel (503) 635-7650 


TENNESSEE 
Knoxville - Tel . (615) 524-6239 


TEXAS 

Austin - Tel (512) 502-3020 
Fax. (512) 346-6260 

Carrollton - Tel . (214) 466-8844 
Fax (214) 466-8130 

Houston- Tel (713) 376-9936 
Fax’ (713) 376-9948 


FOR RF AND MICROWAVE 
ro TRANSISTORS CON- 


T 
THE FOLLOWING REGIONAL 
OFFICE IN THE U.S.A. 


PENNSYLVANIA 
Montgomeryville - Tel: (215) 361-6400 
Fax (215) 361-1293 


ASIA / PACIFIC 


AUSTRALIA 


NSW 2220 HURTSVILLE 
Suite 3, Level 7, Otis House 
43 Bridge Street 

Tel (61-2) 5803811 

Telefax (61-2) 5806440 


HONG KONG 


WANCHAI 

22nd Floor - Hopewell centre 
183 Queen's Road East 

Tel (852) 8615788 

Telex: 60955 ESGIES HX 
Telefax. (852) 8656589 


INDIA 


NEW DELHI 110019 

Liaison Office 

3rd Floor, F-Block 

International Trade Tower 
Nehru Place 

Tel (91-11) 644-5928/647-9415 
Telex 0031-70193 STMI IN 
Telefax (91-11) 6443054 


MALAYSIA 


SELANGOR, PETALING JAYA 46200 
Unit BM-10 

PJ Industrial Park 

Jalan Kemajuan 12/18 

Tel (03) 758 1189 

Telefax (03) 758 1179 


PULAU PINANG 10400 

4th Floor - Suite 4-03 

Bangunan FOP-123D Jalan Anson 
Tel (04) 379735 

Telefax (04) 379816 


KOREA 


SEOUL 121 

8th floor Shinwon Building 
823-14, Yuksam-Dong 
Kang-Nam-Gu 

Tel (82-2) 553-0399 

Telex SGSKOR K29998 
Telefax (82-2) 552-1051 


SALES OFFICES 


SINGAPORE 


SINGAPORE 2056 

28 Ang Mo Kio - Industrial Park 2 
Tel (65) 4821411 

Telex. RS 55201 ESGIES 

Telefax (65) 4820240 


TAIWAN 


TAIPE! 

11th Floor 

105, Section 2 Tun Hua South Road 
Tel (886-2) 755-4111 

Telex’ 10310 ESGIE TW 

Telefax (886-2) 755-4008 


THAILAND 


BANGKOK 10110 

54 Asoke Road 
Sukhumvit 21 

Tel. (662) 260 7870 
Telefax (662) 260 7871 


JAPAN 


TOKYO 108 

Nisseki - Takanawa Bid 4F 
2-18-10 Takanawa 
Minato-Ku 

Tel (81-3) 3280-4121 
Telefax (81-3) 3280-4131 


Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for the 
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No 
license is granted by implication or otherwise under any patent or patent rights of S€S-THOMSON Microelectronics. Specification mentioned 
in this publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. 
SGS-THOMSON Microelectronics Pee are not authorized for use as critical components in life support devices or systems without express 
written approval of SGS-THOMSON Microelectronics. 
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